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DIALOGUE I. 


The Deſeripien Y the CELESTIAL Gone; and its 
Funxrrbnk. | 


+» Cleonicus; \ 2 

s our + laſt Converſation' finiſnned our Speculatibh on 
FR | the Atmoſphere, we are brought, by our propoſed 
Method, to a View of the artificial Globes. And that 
Nothing may be wanting to give you” a perſect Idea of 
the moſt wonderful and obvious Parts of Nature, I mean, 
the Frame and Conſtitutions of the Heavens and the 
Earth, and all their ſenſible Motions and Phænomena; 
I have provided a Rair of GLoBEs' for that Purpoſe, 
twenty-eight Inches Diameter. And here they are 
Fhis i is called the Celſial Globe, and that the Terręftrial.— 
Euphroſ. Tam infinitely obliged to you, Qeonicut, for 

the Care and Trouble you' have on bo Accoum. — 
e L. II. * I; They 


* 
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They are very beautiful Things indeed | And 1 queſtion 
not but they are of equal Uſe. —D—— As we cannot con- 
ſider the Uſes of both at once, pray which do we begin 
with ? | | 

Cleon. The Celeſtial Glabe, my Eupbroſyne, for that 


remains to finiſn our practical View of the Heavens. 
We at firſt contemplated the Theory of the Mundane 
Siem then we took an actual Survey of the ſeveral Bodies 
which compoſed it, and their Motions, by the Teleſcope ; 
—after this, we aſſayed the Doctrine of he Sphere ;—and 
then conſidered, under a more immediate View, the 
various Motions and Afﬀettions of the Heavenly Bodies, in 
themſelves, and in regard of each other, in the Orrery; 
and now it remains, that we contemplate the ſame 
Thing in regard to the Earth (or its Inhabitants) only, 
which 1s to be done by the _— Globe; whoſe Super- 
ficies repreſents the conſtellated Canopy of the Heavens, and 
its Rotation about its Axis, the apparent diurnal Mhtions 
of the Sun, Mom, and Stars —— And hence this Globe 
has the Name Ceigſtial. 1 | 
Euphroſ. I muſt wait till you are more particular in 
the Uſes of this fine Inftrument ;—at preſent I obſerve 
moſt of the Circles of the Sphere upon it, and ſeveral 
Figures of Men, Women, Horſes, Dogs, Serpents, Fiſhes, 
Crowns, &c. painted thereon, which, I ſuppoſe, are all 
fGignificant, when underſtood. — 5 
Cleon. True, Siſter; here are all the Circles of the 
Sphere; and it is little different from the Sphere, in any 


Thing more than having a continued Surface, and the 


Conflellations painted thereon. 
Euphroſ. Yes, here is this broad Horizon, with ſeve- 
ral Ciretes upon it—pray, what Circles are they? | 
Clion. There are five Circles on the Horizon, viz. 
(1) The inmoſt, or that next the Globe, is the Circle of 
Amplitudes or Azimuths, and divided each Way from Eaft 
and Hf}, towards North and South, into 90 Degrees. 
(2) The Circle eontaining the 32 Points of the Compaſs. 
) The Calendar of Months and Days, according to the 
Vew Stile. (4) The Zodiac, with the Signs and Degrees 
of the Ecliptic, adapted thereto. (5) The Calendar for 
the Old Stile adjuſted to the Ecliptic; the Uſes of all 
theſe you will ſee more particularly hereafter.w— 
FIT Eupbrof 
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Euphroſ. Very good, Cleonicus : and as to the other 
Circles on its Surface; the Equinoctial, the Ecliptie, the 
Tropics, and Polar Circles, I ſhall trouble you with no 

ueſtions concerning them, having had a perfect Know- 
ledge of them from the Sphere, —But theſe other Circles, 
which run athwart and croſs the Globe, and cut each 
other, what are they? | | | 

Cleon. They are of two Sorts, viz. Circles of Longitude, 
which paſs through the Poles of the Ecliptic, and there- 
fore at right Angles to the Ecliptic ; of theſe there are 
12, which terminate the 12 Signs ; and divide the Surfate 
of the Globe into 12 equal Parts; theſe equal Parts in 
the Heavens were called the Celeftial Houſes by Ptolemy 
and other ancient Aſtrologers. The other Sort are called 
Circles of Declination; theſe all paſs through the Poles of 
the World, and cut the Equinoctial at right Angles at 
every zoth Degree; they are alſo 12 in Number, and 
divide the Surface of the Globe into other 12 equal Parts, 
which were in the Heavens accounted the 12 Cele/tial 
Houſes by that Aſtrologer, but other Aſtrologers in after 
Times invented other Diviſions of the Heavens for their 
Houſes, as their Fancies and Superſtition ſuggeſted. 

Euphroſ. How came they to call theſe Diviſions 

Houſes ? And what did they intend 3 by 
Cleon. In ancient Times, when the World was very 
ignorant, Superſtition was all the Faſhion ;- and pore 
a venerable Thing. Then was the Time for the Men of 
Front ; they invented Schemes and Figures of the Heavens 
to amuſe and ſurpriſe the Vulgar, making them believe 
the Stars were the very Miniſters of Fate, having a 
governing Influence over all Things below. Hear how 
ſolemnly Manilius talks on this Subject. | 

A hen Nature order d this vaſt Frame toriſey, | 


' Nature, the Guardian of theſe Myſteries, 
And ſcatter d lucid Bodies d er the Skies ; © 
ben ſhe the Concave, whence direttly fall 
_ Streipht Lines of «Influence round the ſolid Ball, © 
Had fill'd with Stars; and maie Earth, Water, Air, © 
And Fire, each other mutually repair; © 
' That Concord might theſe differing Parts controul, © 
Ad Leagues of mutual * ſupport the Whole ; * 5 
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That nothing which the Skies embrace might be 
From Heaven's ſupreme Command and Guidance free, 

Long time ſbe thought, then hung his Fates on Stars, 

Thoſe Stars, which. plac'd ith' Heart of Heaven diſplay 
The brighteſt Beams, and ſhare the grratęſi Stuay; 
_ Which keep a conflant Courſe, and now reſtrain 

Dye Planets Pow'r, now yield to them again: 
Thus ſometimes ruling, ſametimes rul'd, create 
The ſtrange and various Intercourſe of Fate. Lib. III. 


And every Thing of this Kind was facred which they 


faid; yea, ſo:credulous were the unthinking Vulgar, that 
Nothing could be advanced too monſtrous and ridiculous 
for them not to believe. Thus a modern French Aſtro- 
loger is gibed by Hudibras— . | 

Caardan behev'd great States depengi, 

© +... » Upon the Tip o ih Bear's Tail's End; 

That as ſhe wiſk'd it tow'rds the Sung 
Sͤtraud mighty Empires up and down... [ 

And as to the Impoſture and Nonſenſe of ancient Soath- 
fayers, ſee it mernly ridiculed. in his 3d Canto of Part II. 
But we make too long a Digreſſion, - were it not that ſor 
impious and ſcandalous a Pretenſion cannot be too much 
ridiculed;and exploded.— | | | 
_ Euphroſ. I do not underſtand Aſtrology, and if its 
Pretenſions are ſuch as you inſinuate, it muſt indeed be a 
vain and preſumptuous I hing, and borders very nearly 


on Blaſphemy.—But; to the Subject of the Globe; what 


are thoſe various Figures of Men, g, &c. on the 
Surface, and why are they painted there? 

Clem. They are all imaginary Beings, and have their 
Exiſtence no where but on the Surface of the artificial 
Globe: they were contrived for the ſake of Memory and 
Comprehenſion; and are of very great Antiquity. For the 
Stars appearing, as it were, confuſedly diſſeminated or 
ſtrewed over the vaſt concave Expanſe of Heaven, could 
not without ſome Artifice be well comprehended by the 
Mind, or remembered with reſpect to Magnitude and 
Situation. To have given Names to each Star, would 


- 


Have been too great. a Burthen to the Memory : and to 


reduce them. all to Catalogues, and point them out by 

their Places, was a Work of Ages, as I have ſhewed you 

before. The only Expedient therefore to facilitate the 
; 85 Knowledge 
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Knowledge of the Stars, was to conſider and diſtribute 
them into various Companies, or Collections, and the 
better to fix the Idea of theſe in the Mind, they invefted 
them with the Figures and Characters drawn from Men, 
Beaſts,. and Things, as would beſt fit and ſuit with each : 
And to theſe they properly gave the Name of Con/tellations, 
or Aſteriſms; and painted them on their Globes and 
Machines. Concerning which, thus Manilius. 
| Now Conſtellations, Muſe, and Signs rebeerſe, 

In order, let them ſparkle in thy Verſe; | 

Thoſe which obliquely bound the burning Zone, 

And bear the Summer and the Winter Sun, 

T hoſe firſt : Then thoſe which roll a different Way 

From Mel: Nor Heaven's diurnal Round obey ; 

Which Nights ſerene diſcloſe, and which create 

The fieady Rules, and fix the Laws of Fate. a 


Eupbroſ. How many Conſtellations are there in all? 
Cleon. They are reckoned 56 in Number; viz. 12 in 
che Zodiac; 29 on the North of the Zodiac; and 25 on 
the South Side thereof. | : 
Euphroſ. What are the Names of thoſe in the Zodiac? 
Cleen. The very ſame with the Names of the Signs; as 
Aries, Taurus, Gemini, &c. which you know very well 
already. . | ES 8 
Eupbroſ. I do, without a Repetition; but what 
Names do thoſe bear in the northern Hemiſphere ? 
| Cleon. The 29 Northern Conſtellations, are 
1. Urſa Minor, or the leſſer Bear. 
2. Urſa Major, or the greater Bear. 
3. Draco, or the Dragon. | 
Cepheus. | | 
. Cygnus, or the Swan 
., Perſeus. r 
Andromeda. a 
. Auriga, or the Waggoner. 5 
Coma Berenicis, or Berenic#s Hair. 
10. Bootes. 5 5 
11. Corona Septentrionalis, or Nerthern Crown. 
12. Hercules. 2 ET Re 


SG 


13. Lyra, or the Harp. F 
14. Aquila cum Antinoo; the Eagle with Hinaus. * 
a EE 15. D 
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15. Delphinus, or the Dolphin. 
16. Equuleus. 
Pegaſus ; the Winged Horſe. 
F 18 Triangulus; the Triangle. 
| 19. Caſſiopeia. 
0 4 20. Serpentarius, or Ophiuchus. 
| | 21. Lacerta; the Lizard. 
| ©" WK 3 Ophiuchi ;, the Serpent of Ophiuchus. 
= Ix. 
if | 23 Sagitta ; the Arrow. 
25. Orion cum Scuto ; Orion with a Shield. 
26. Camelopardus. bk 
5 Anſer cum Yulpecula ; the Gooſe with the Ho 
Les Minor; ; the leſſer Lion. | PAT 
29. Canes Venatici; the Courſing Dogs. 

Euphro/. 1 obſerve them all in the Order you. 3 | 
named them; and more than theſe I ſee which you have 
not mentioned—as that Star in the Heart there, &ckc. 

' Cleon, Very good, Siſter z you mean Cor Caroli, or 

| Charles's Heart, which is a new Star, unknown to the 
ancient Aſtronomers, and therefore not contained in any 
of their Conſtellations. Beſides this, there arte divers 
other Stars of leſs Note, not reducible to any Conſtellation, 
which are therefore by Aſtronomers called extra-conſtellated 
tars. 

Euphroſ. Well, now for the Names of the Conſtella. 
tions on the South Part of the Globe, Cleonicus ; of which 
I think you fay there ate about 25, — 

Cleon. Ves; That is the Number by ſome, by others 
they are reckoned 28. Their Names ate as follow, 

1. Balenus, or Cetus ; the Whale, 
2. Canis Miner ; the lefſer Dog. 
3- Centaurus cum Lupo; the . with the Wolf. 
4. Corona Aufiralis ; ; the Southern Crown. . | 
5. Crater; the Water. pot. 
6. Eridanus , the River Po. 
7. Meoniceros, ar | Unicorn. 
8. Canis Major; the Greater Deg 
90. Arge; the Ship. 

10. Ara cum Thuribuls ; the Altar and a 

ile. Grus, or the Crane. 


12. Lepus, or the Hare. 
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13. Pavo; the Peacock. 

14. Phænix. | 

15. Sextans ; the Sextant. 

16. Triangulum ; the Triangle. 

17. Toucan, or American Gooſe. 

18. Apous; the Indian Bird. 

19. Columba Noachi; Noah's Dove. 

20. Muſca ; the Fly. 

21. Robor Carol, 

22. Hydrus, a Serpent. 

23. Piſcis volans ; the Flying Fiſh. 

24. Chameleon. 

25. Xiphias ; the Sword-fiſh. 

26. Crux; the Croſs. 

27. Indus; the Indian. 

20. Corvus; the Raven. | 
Theſe Conſtellations, you ſee, are all diſtinctly painted 
on the Celeſtial Globe, with here and there ſome extra- 
conſtellated Stars, as I obſerved to you before. 

 Euphroſ. They are all ſo plain, that they who run may 
read them. Pray, Cleonicus, are not theſe Conſtellations 

of very great Antiquity? ' Oy 
Chon. Yes, my £Euphroſyne, for ſome of them are 
\vriiogs of the moſt ancient Hiſtorian 


1 e If ſ b; for in that Book 1 
uphroſ. uppoſe mean "Fob; for in ok T 
have . W Orion, the Ae &c. 

Clion. Yes, that is the Hiſtory I mean. It is ſuppoſed 

by learned Men, that Job lived in Arabia, and wrote his 

Hiſtory before the Time of Moſes, and therefore is the 
moſt ancient of any extant; and ſinc he ſpeaks of the 
Conſtellations ſo particularly, and by the Names they 
no bear, it muſt follow, that the Method of computing 
the Stars, and diſtributing them into Companies or Con- 
ſtellations, is of the greateſt Antiquity of any Thing in 
the liberal Sciences. Thus Fob in the xxxviiith Chap. 
makes Mention of the Pleiades, or Seven Stars, of 
MAazzaroth, or the Zodiac of the 12 Signs, —of the Con- 
ſtellations Orion and Ardturus, and the Ordinances of 
Heaven, which he calls the Chambers of the South, in 
Chap. ix. and undoubtedly means the Southern Conſtel- 
lations, or Diviſions of the Heavens... 


Be. Znphi 


- . — p << a+ — et —_— + 
8 * . 128888 RAY _ : 1 
H Pg — * a Ye ol 2 N 
S eee A Ace a * ws” c 


8 THE YOUNG GENTLEMAN. 


Euphroſ. I obſerve, as I look over the Conſtellations 


on the Globe, that iome Stars are very large, and others 


very ſmall; pray, how many different Sorts or Sizes of 
Stars do you reckon ? 

Clean. Aſtronomers reckon Seven Degrees of Magnitude 
in the Stars,—you ſec here an Example of them all, which 
Mr. Stnex has fixed on the Globe in this Row of Stars, 
gradually diminithing from the greateſt to the leaſt. 

Euphroſ. The largeſt, I ſuppoſe, you call the firſt 
Magnitude, do you not? 

Chon. Yes, ray Euphroſyney the large? Stars are 

thoſe of the firſt Magnitude, which you ſee conſiſt (on 

the Globe) of fix large, and fix ſmall radjant Points or 

Beams ; by which, as well as by their Magnitude, they 

are very ealily diſtinguiſhed all over the Globe; as the 

Stars in the Firmament, which they repreſent, are larger, 
more ſcintillant, and brilliant above the reſt. 

_ Eupbrof. Yes, I eaſily diſtinguiſh them from the reſt- 
on the Globe; but I obſerve they are but few in Number; 
and moſt of 8 have Names 1 ſee athxed to them. 

Cleon, They are indeed but few in Number; I re- 
member Mr. Flamſtead, in his Hiſtaria Celeftis, makes 
but 15 in both Hemilpheres, but on this Celeſtial 
Globe of Mr. Senex's, you tell about 16 Stars of the firſt 
Magnitude. Thele Stars are, as you obſerve, ſignalized 
with praper Names, as Aldebaran, Regulus,  Arfturus, 
Deneb, Aſengue, Rigel, Sirius, Antares, Fomabaunt, &c. 
 Euphraf. As to the Stars of the ſecond Magnitude, Þ 


obſerve in the Sample, they have fix large ſingle Beams, 


but ſomewhat leſs than the other. 
Clen. Yes; and you obſerve too, they are more 
numerous, and moſt of them without Names. Stars 


of the third Magnitude are. ſtil more numerous, and 


nameleſs,—of the fourth Magnitude their Number in- 
creaſes, mand of the fiith- and ſixth Magnitude, they in- 
creaſe very much; but of the 5th they are not ſo 
The N amber of the Stars of every Magnitude, 
in "ach Conſtellation, are numbered in Flamftend's Hiſtoria 


| Celeſtis; which I have, tranſcribed in this RG to give 
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E 19 The Stars of the 6th and 7th Claſs, imagine, 
we muſt have good Eyes to diſcern, 

Cleon. They are not diſcernible by the beſt Eyes, but 
with the Teleſcope only; and are therefore called 7. eleſe 
copic Stars, as I have before hinted. Yea, not one Eye 
in fifty can ſee Stars of the 5th Magnitude diſtinctly; and 


they muſt be tolerable good Eyes to diſtinguiſh and enu- 


- merate Stars of the 4th Order, 

Euphroſ. Well, I think we have talked of the Mag- 
nitude of the Stars, till the Stars of every Magnitude 
ſhine very bright. This is a ern Star-light 
-. Night, but very cold. 

Cleon. It is always obſervable, that the colder the Night, 
the clearer the Stars ſhine, if there be no Clouds. I can- 
not help recolleCting ſome choice Reflections on the Stars, 
a Gentleman made, as he obſerved them one Night in a 


Journey from Patapſts to Anapolis, and which may ſerve 


to conclude our preſent Speculation. 

Now deep ning Shades confeſs th Approach of Night, 
Imper fett Images elude the Sight : © 

From earthly Objecis I remove mine Eye, 
And view with Look ereft the vaulted Shy; 

I here dimly ſhining now the Stars appear, 

At firſt thin-ſeatt'ring thro" the miſiy Air, © 
Till Night confirm'd, her jetty Throne afeends, 

' On her the Moon in clouded State altends, ' - 

But fron unvellid ber lwvely Face is ſeen, 

And Stars unnumber'd wait around their Queen; 
Kang d by their Maker's Hand in juſt Array, 
They.march majeſtic thro*h* ethereal Way. © 
Are theſe bright Luminaries hung on bigh" 
Only to oye with twinkling- * our Eyes 


Or 
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Or may we rather count each Star a Sun, 
Round tobich full peopled Worlds their Courſes run? 
Orb above Orb harmoniouſly they fleer 
Their various Voyages thro Seas of Air. 


L 


—— _ 


DIALOGUE II. 
Of the Tevelve CONSTELLATIONS of the Zo- 
pla, With their Fabulous HisToky. 


| Euphroſyne. ; 
Think, Cleonicus, you intimated laſt Night, that we 
ſhould next take a more particular Survey of the - 
Conſtellations ; and of the Origin, Hiſtory, &c. of each 
„ | 
Cleon. Ves, my Euphroſyne ; and To-night we'll begin 
with the Twelve Conſtellations of the Zodiac , for they 
offer themſelves farſt, as being the moſt couiſiderable and 
noted of all in the Heavens. And here we ſhall imitate 
the antient poetical Aſtronomer Manilius; who, being to 
give an Account of the Conſtellations, firſt rehearſes 
them in the following Lines. | 
Firſt Aries, glorious in his golden Wool, 
Looks back, and wonders at the mighty Bull, 
Whoſe Back-parts firſt appear He bending lies 
With threat ning Head, and calls the Twins to riſe; 
They claſp for Fear, and mutually embrace; 
And next the Twins with an unſteady Pace 
_ Bright Cancer rolls : Then Leo ſhakes his Mane, 
And following Virgo caims his Rage again : 
Then Day and Night are weigh'd in Libra's Scales, 
Equal a-while, at laſt the Night prevails, 
And longer grown, the beavier Scale inclines, 
And draws bright Scorpio from the Winter Signs : 
Him Centaur follows with an aiming Eye, 
Hi, Bow full drawn and ready to let fly; 
Next narrow Horns the twiſted Caper ſhows, 
And from Aquarius Urn a Flood oerflews. 
Near their low d Waves cold Piſces takes their Seat, 
ith Aries join, and make the Round 1 0 
: 1 . I. 
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Euphroſ. Well, *tis very pretty, to ſee, as you turn the 
Globe, how the Order, Situation, Poſture, and Attitudes 
of the Conſtellations anſwer to the poetical Deſcription. 


- But to be more particular, and begin with Aries, 
how came this Conſtellation by that Name and Form? 
Cleon. Becauſe, as tis ſuppoſed, the moſt ancient Chal- 
dean Aſtronomers obſerving the Sun to enter this Sign, at 
a Time when the Fields and Hills were moſt remarkably 
repleniſhed and overſpread with Flocks, vaſtly encreaſed 
ith the new Produce of Lambs, which (as the paſtoral 
Life was then moſt conſiderable) they eſteemed the moſt 
profitable Part of the New- year's Product; to ſignalize 
this Seaſon, therefore, they thought fit to call this Sign, 
or Conſtellation, by the Name of the Principal of the 
Flock, Aries, or the Ram. At this Seaſon Virgil ob- 


ſerves | 
; — An Hundred Lambs 
| Attend with bleating Cries their milky Dams. 

And in another Place, ſpeaking of the various Products 
of the Spring, he ſays, SO | JS 

With milder Beams the Sun ſecurely ſhines, 

Fat are the Lambs, and luſcious are the Wines. 

| Georg. I. 


* , 


| Euphroſ. But though this ſeems very natural; yet, if 


I remember right, the Poets give a different Account of 
this Matter. 

Cleon. Ves, they do ſo; 'tis this Ram and his Golden 
Fleece, of which the Pggts tell us ſo many Stories and 
Fables; the Grounds of all which are thus fabulated. 
Athamas, King of Thebes, had, by his Wife Nephele, a 
Son named Phrixus, and a Daughter named Helle; he 
afterwards married another Wife, Ino by Name, who fell 
in Love with Phrixus; but, neglected by him, ſhe had 
an extreme Averſion to him; and there happening a 
Dearth of Corn, ſhe perſuaded Athamas, that it could not 
be remedied *till Phrixus and Helle were ſacrificed : But 
as they ſtood at the Altar, Nephele, (i. e. a Cloud) took 
them away, and gaye them a go/den Ram that ſhe had 


received from Mercury. On this Ram they fled through 


the Air from Thebes, and in their Flight Heile fell off into 


the Sea, which from thence was called Helleſpontus. 


Phrixus arrived at Brixada, where, laying himſelf down 
; . g | to 
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to reſt, the Barbarians were coming to kill him; but the 
Ram awaked him, and gave him Notice with a human 
Voice, and then carried him to Chis, where he was 
kindly received by Ata the King, who ſacrificed the Ram 
to Jupiter, and hung up his Golden Fleece in the Grove 
of Mars; there it was kept by Bulls, which had brazen 
Feet and breathed Fire, and alſo by a great Dragon: The 
Ram was afterwards ſaid to be taken up into the Skies, 
and made the Conſtellation we are now ſpeaking of. 
Eupbroſ. In ſome ſuch Manner too, I ſuppoſe, you 
deduce the Origin of Taurus, or the Bull, which is the 
next Conſtellation. 8 | 
Cen. You gueſs right; for as Calves were the next 
confiderable Product of the Spring, which were now 
(when the Sun entered this Conſtellation) full-grown and: 
fat, and led out from the Stalls to the Fields, the Altars, 
or the Butchers; fo the priſtine Aſtronomers and Herdſ- _ 
men denoted this Seafon, by attributing the Name of the 
Bull to that Sign the Sun then poſſeſſed. And Virgil, by 
reaſon of a Star in the Tip of each Horn; takes occafion 
to call them Golden Horns, in the following Verſes. 
] den with his Golden Horns in full Career, 
. The Bull beats down the Barriers of the Year, 
47 | | r 
Eupbroſ. I ſuppoſe the Poets have a great deal to ſay 
of this fabulous Bull likewiſe? Tp 
«Clean, A great deal; and very merry too, for the moſt 
Part; the Story is of Jupiter's carrying away Europa, tbe 
Daughter of Agenor, King of Pheniaa, in the Form of a 
White Bull, into the Iſle of Crete, where he difcovered to 
her his Divinity, and placed the Bull among the Stars. 
Ovid relates the Circumſtances of this Story very poeti- 
cally thus: e ( 
The Ruler of the Skies, the thund ring God, 
Fpbat ſhakes the Morla's Foundations with a Nod, 
Among a Herd of lowing Heifers ran, 
Fried in @ Bull, and bellpwd oer the Plain. 
Large Rolls of Fat about his Shoulders clung, 
Aud from his Neck the double Dewlap hung. 
Bis Shinwas whiter than the new-fall'n Snow; 


Small were bis Horns, and harmleſs was his Brow: - 
. j 2 FF 61 311 ; | N VE. rk : : . 
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Wo ſhining Terrors ſparkled in his Sight, © N n 
But his Eyes languiſb d tuith n gentle e e 
His evi Look was peacgful, and expreſi Nast 
The Sofine/s of the Lover in the Beaſl. en 
' Agenor's royal Daughter, as ſhe play e 
Among the Fields," the Millu hite Bull OR iis: 
And Chak his ſpotleſs: Bidy with Delight, - 
And at a Diſtance kept him in her Sight. 
At length ſhe pluci d the mfing Flow'rs, and 1 
7 he gentle Beaſt, and fandly ſinot d his Head. 
He flood well-pleas'd to touch the charming n= ap Th 
But hardly could confine bis Pleaſure tler. 
And naw he wantens ver the neigh? ring. ee 
Now rolls his Body on the yellow Sand, 
And finding all the Virgin's Fear decay d, nay.) 
Comes toſſing forward to the royal Maids > 119 
Gives her his Breaft to ſtrokes and, bunu AHD -s 
Hlis grifly Brow,” and gently floops his Horns. ap | 
In fro ry Hreaths the Royal Virgin dre: 
; \+;:Hfen bending Horns, and kindly clapp'd his Brea. | 


Till now grown wanton, and devoid of eee ſs 5; 


Not know: ng that ſhe 3 the Th e UN 
She fir'd henſelf upon his Back, and rode 
C'en Fields and Meadows, ſeated on the. God: 
He pently'enarch'd along, and, by Degrets, 1 | 
Left the dry Meadow," and approach d the Senn, 
M here now he dips his Hat, and cuets his S | 

| Now plunges in, and carries off the Prize. 1:1 

The friohted Nymph looks backward on the Shore 
And hears the tumbling Billazus round ber roars, | 
But fill ſhe holds him fuſt, with one Hond burn bs? 
Upon his Back, whi e tother graſps a Herm. LING 
be Train , Ming Garments flies . DT owe 
Swells in the Ai,, and hovers in the Mind. of 
Fuhre Storms and Tempeſts bt the Virgin bires - A 5 
And lands her ſafe on the Dictean 8 or { 
Where now in his divineſi Form array d). % 9 


In his true Shape he captivates:the Mai- ntl 


Ibo gazes on him, and with zwand ring Eyes, V As i 
Beholds the new, majęſtic Figure riſes | 2 
Vietus his bright Features, and his native Lic. 114% n 
i c 10 
1 . Metam, H. 
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\ Ezphrof. This Bull makes a very conſiderable Figure 
in Poetry, as well as Aſtronomy, I find. But, pray, 
Cleonicus, what Origin do you give to the Twins, or 
Gemini? | - | 
Cleon. Theſe owe their Original to the fame Cauſe, 
in all Probability, with the two foregoing z for at this 
Time, (viz. about May, when the Sun enters this Sign) 
the Young of Goats were in their Maturity and Perfec- 
tion; and were oftener than any other Beaſts, brought 
forth by Pairs, or Twins; which the Goat-herds (in 
antient Times, being very conſiderable) denoted, by 
giving the Denomination of Gemini to the Sign. — 
Euphraſ. Very good; — but what do the Poets ſay 
of this Sign Gemini? | | 
Cleon. They tell us a Story of Caffor and Pollux, 
two Sons of Leda; the latter by Jupiter, and was there- 
fore immortal; the former by her Huſband Tynderus, 
and therefore mortal. hen Jaſon undertook the Ex- 
pedition for the Golden Fleece, among other Heroes were 
Caftor and Pollux; who behaved themſelves very valiantly 
during the whole Voyage. In a Storm which happened, 
two ſtrange Fires appeared playing about the Heads of 
Caflor and Pollux, and ſoon after a Calm enſued, which 
made it thought there _ ſomewhat divine in thoſe 
Youths. It happened afterwards, that Caftor, being 
mortal, was killed, and Pollux begged of Jupiter to make 
him immortal, which not being poſſible, he only ob- 
tained, that his Brother ſhould ſhare half his own Im- 
mortality, ſo that each Day they alternately lived, the 
One in Heaven the Other in Hell.— They were at laſt . 
placed among the Stars, and made the Conſtellation 
Gemini, which you ſee on the Globe, denoted by-the 
two Youths, with each a bright Star in his Head, and 
their Names Caſtor and Pollux to diſtinguiſh them. _ 
Eupbroſ. That the firſt Aſtronomers ſhould give the 
Names of the Ram, the Bull, and the Twins, to theſe 
Conſtellations, you have given a ſufficient Reaſon ; but 
what ſhould induce them to call the next Conſtellation 
in the Zodiac, by the Name of Cancer, or the Crab? 
Clon. You'll obſerve a good Deal of Propriety, even 
in this, if you conſider, that the firſt Obſervers took 
Notice of the Sun's gradual Aſcent above the m_ 
e noctial 


= 
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noctial to a certain Height or Meridian Altitude, from 
which it afterwards declined again, and deſcended as 
gradually; and then, by what Means could they more 
pertinently commemorate ſo notable an Obſervation, 
than by the retrograde, or ſide-long Motion of a Crab? 
And the Poets afterward, to make good their Part, tell 
us, that this is the Crab which Juno ſent to bite and 
moleſt Hercules, while he was deſtroying the Lernæan 
Hydra, for which, when Hercules had killed the vexa- 
tious Animal, Juno placed him among the Stars. 

Euphre , But how came the Lion, a Creature in all 
Reſpects ſo different from a Crab, to ſucceed immediately 
the Crab? | | 

Clean. As among Animals the Lion is the moſt power- 
ful, fierce, and ſtrong; ſo among the Months of the 
Year, that Seaſon in which the Sun occupied this Sign, 
the Sun's Heat and Effects were more fierce and violent 
than in any other, i. e. about the latter End of Juh, 
and the Beginning of Huguſt; and from this Similarity, 
the Conſtellation is ſuppoſed to have had its Name by 
the firſt Obſervers of Time. 

Euphroſ. I his ſeems probable enough; and I queſtion 
not but it furniſtied the Poets with an ample Theme for 
Invention. 15 | | 

Cleon. It did fo; for they tell us, that this is that 
Nemæan Lion, which Juno procured from the Moon, 
and fent againſt Hercules to kill him; but Hercules tore 
him to Pieces with his Nails, and made him a Shield and 
Breaſt-plate with his Skin. This made Juno hate him 
ſtill more, and on the Lion beſtowed that celeſtial Dig- 
nity he has ever ſince enjoyed. | wot 

Eupbroſ. Well, Clronicus, I perceive the Aſtronomers 
have paid a very early Regard to the Ladies, by the 
Compliment of placing Virgo, or a Virgin, among the 
Stars; pray, what was the Occaſion thereof? And. 
Roe thoſe Wings, and that Wheatſheaf in Her © 

and? r | , a> 90315 20 ze 

Cleon. About the Time the Sun entered this Sigu, the 
Harveſt was pretty well over; and now the young Dam- 
ſels appeared and ſpread themſelves over the Fields, glean- 
ing up the Ears of Corn. And as they made this the 
moſt agreeable Scene of rural Life, the A ſtronomers 
ES | did 


* 
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did them the Compliment of a Conſtellation, of theit own 
Sex, and gave them a Handful of Wheat to ſhew the 


Occalion.. They alſo depicted her with Wings, to.ſhew, 


the Harveſt had, as it were, taken its Flight, and bid 
them farewel till the next Year. 
Euphreſ And pray, what have the Poets to fay ori 
this Occaſion? | 
Cleen. Enough, you may be ſure they tell us, ſhe 
was the Daughter of Jupiter and Themis, and the Prinz 
ceſs of Juſtice, by Name Aftrea; they feign, that in the 
Golden Age ſhe deſcended from Heaven to the Earth, and 
being offended at laſt by the Wickedneſs of Mankind; 
ſhe returned to Heaven again, after all the other Gods 
who went before her, where ſhe obtained the Dignity of 
a Conficllation, as deſcribed in the following Diſtich: 
All Duty dies, and wearied Juſtice flies. 
From bloody Earth at laſt, and mounts the Skies. 


And Virgil thus: 


Juſtice /a/? took = Flight from hence, ond bers. boo 


be Prince of her deparling Steps appear. 

Dry. Georg. II. 

- Bupbrof. As to Libra, you have already hiated the 
Reaſon of the Name, from the Equality of Days and 
Nights ; but I want to know what is ſaid of this in fabu⸗ 
lous Hiſtory. + 

Cleon, When Fuſtice fled from Earth to Heaven, tis 
natural to think, ſhe carried her Scales. with her, which 
might be made this Conſtellation; and I wonder to find 
the Poets and MHythologiſis ſilent in this Particular. How: 
ever, it is ſuppoſed, that the exceeding Uſeſulneſs of the 


Balance, when firſt invented, excited Men to comme- 


morate the ſame, by placing them among the Stars. 


And indeed what Invention could deſerve. it more, than 


that which is che Te/t and Standard of Fuſtice amon 
Mankind? Theſe are the celeſtial. Scales, in which 
* is feigned by Hemer, to weigh out the Fate of 

ortals, and in particular, that of Heetor, in the fol 


5 Lines. 


ove /tfts the golden Balances, that ſhow ; - a7 


Die Fates of mortal Men, and Things below ;, 
Here each contending Hero's Lot he tries, 125 
And a with . Hand, their Deſtinies. 4 2 
ow 


* 
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Low finks the Scale, ſurcharg'd with Hector's Fate; 
Heavy with. Death it ſinks, and Hell receives the Weight. 
And of this Balance too, Virgil ſpeaks in the following 
ines: Wt | | | 
But when Aſtrea's Balance, hung on high, 
Betwixt the Nights and Days divides the Sy; 
Then yeke your Oxen, ſow your Winter Grain, 
Till cold December comes with driving Rain. Geor. I. 
Eupbreſ. There are doubtleſs many Things of leſs 
Merit, advanced to the Stars; elſe, pray, how came a 
Scorpion there? Who would have thought to have found 
ſuch a terrible, ſuch a noxious Animal in the Heavens? 
Clean. When you conſider, that during the Seaſon the 
Sun is in this Sign, the Weather is generally very bad, 
and all Kinds of Diſeaſes now begin to invade and infeſt 
Mankind; as Colds, Agues, Afthmas, Fevers, &c. as alſo 
that this is the Introduction to the cold and comfortleſs, 
the dreary and deadly Seaſon of Winter; I fay, when 
this is conſidered, you cannot think it ſtrange, that the 
rſt Obſervers gave this Sign the Name of Scorpio, being 
ſo apt an Emblem of the Seaſon— The Poets tell us, this 
was the Scorpion which flew Orion for his Arrogance and 
impudent Deſign on Diana. IS 
 _ £uphroſ. I think 1 remember a Paſſage in Ovid, where 
it is ſaid, that Scorpio fills the Space of two whole Signs; 
how is that to be underſtood, Cleonicus ? | ; 
Cleon. Some of the Antients ſeemed not acquainted 
with the Conſtellation Libra, and therefore they aſſigned 
all the Space from Virgo to Sagittarius to the Poſſeſſion of 
Scorpio; and therefore Ovid ſays | 
There is a Space above, where Scorpio bent 
In Tail and Arms, ſurrounds a vaſt Extent ; 
In a wide Circuit of the Heavens he ſhines, 
And fills the Spate of two celeſtial Signs. 
SI | Metam. II. 
This is alſo evident from Virgil's Compliment to Cz/ar, 
Auguſtus ; for when he propoſes to him the Divinity of a 
Conſtellation, he aſſigns him the vacant Place betwe 
Virgo and Scorpio, in theſe Lines. EE 
| Or wilt thou bleſs our Summers with thy Rays, 
Re ind, ſeated next the Virgin, poiſe our Days 
Vol. II. 4 'C 28 | A dere, 
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Where, in the Vaid of Heav'n, a Space is free 
Betwixt the Scorpion and the Maid for thee ; 
The Scorpion ready to receive thy Laws © 
Tields half his Region, and contracts his Claws. 
Georg. I.“ 
Euphroſ. Well, I fee Aſtronomy is uſeful, too, for 
underſtanding the Poets. ——But what does Sagittarius's 
Bow denote ? Is it not the hunting Seaſon? | 
Cleon. You gueſs very right, my Euphroſyne ; his Bow 
and Arrow point out the Sportſman, whole Seaſon now 
commences, N | 
Euphroſ. But how comes he to be repreſented with the 
hinder Part an Horſe? 1 3 
Cleon. This is altogether owing to Fable; they tell us 
of a Centaur, whoſe Name was Chiron, the Son of Saturn 
\ and Philhra, a learned Phyfician, and: Preceptor to the 
famous Achilles; Hercules's Dart, dipped in the venomous 
Blood of the Lernæan Hydra, falling on his Foot, gave 


hot, being born of immortal Parents; who therefore took 
him up to Heaven, and made him a Conſtellation. 
Euphroſ. What monſtrous Things the Poets relate !— 


half Goat and half Fiſh ? | | 
Cen. This Conſtellation had its Origin from the wild 
Goat, whole Nature being to ſeck its Food from the Bot- 
tom to the Top of Mountains, climbing from Rock to 
3 Kock, aptly emblemized the Aſcent of the Sun, from 
3} the loweſt Point in the Beginning of this Sign to its 
higbeſt Pitch, or Summit in the Summer. Solſtice. 
But the Poets feign, that a Goat ſuckled Jupiter, and 
that after it was dead, he made a Shield of its Skin, 
called Ægis, with which be ſingly combated the Giants. 
IP | | At 


252 
2 


= 4s * 
2 — 2 


PR 2 4+ * 


*Theſe Paſſages in Ovid and Virgil ſeem very ſtrange, when 
we find them in other Places making Mention of Libra as a 
Sign of the Zodiac. And ir is certain, that the Antients had 
the Sign of the Balance actually depicted on their Globes as 
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than 2000 Years fince), for there it appears on an old celeſtiat 
Globe, found among the Ruins of antient ah, and kept in 
the Farre/ian Palace at Rome, of which | have a Copy by me. 


him an incurable Wound; he defired to die, but could 


And pray, what ſay they of the next Monſter, Capricorn, 


5 i 3 long ago as it was at the autumnal Zquin:x (which is more 
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At length, he reſtored the Goat to Life again, gave her 
a new Skin, and placed her among the Conſtellations of 


Heaven. Others ſay, that Pan, a Man upwards and a 


Goat below, was at laſt changed into this Conſtellation, 
as being the God of the Woods and Shepherds, and 
Guardian of their Flocks. But as to the Fiſh-part of 
Capricorn, I take it to be a Fancy of modern Date. 
 Euphroſ. Aquarius, I ſee pouring his Water from Hea- 
ven; I'll venture to gueſs once more, that this Figure is 
an Emblem of a rainy Seaſan. Teh . 
Cleon. And you are very right; for Virgil uſes the 
Term Aquarius (by a Metaphor) for Winter, as it is 
alſo tranſlated by Mr. Dryden. — . 
This during Winter's driſly Reign be dene, 
ill Aries receives ih exdltad Sun. Georg HI 
But the Poets tell us, this Aguarius, when on Earth, 
was that beautiful Youth Ganymede, Son of N, whom 


an Eagle (ſent by Jupiter) ſnatched off from Mount Ida, 
as he was hunting, and carried him into Heaven; where 


Jupiter made him his Cup-bearer, and whom he attends 
in all his Banquets with flowing Cups of Nectar. —Or 
thus, according to Quid: | ON © > MF 
Diſguis d in Eagle's Plumes he downward flies, 
And bears the Phrygian with him to thi Stier; 
There he for Jove (in Spight of Juno's Front) 
The flowing Bowls with purple Nectar crowns. | 
| | Metam. X. 
Eupbroſ. The Evening grows late, Cleonicus ; we have 
but juſt Time to enquire about the laſt of the twelve 
Conſtellations, which you call Piſces, or the Hiſhes; pray, 
tell me in brief their Original. e de en e 
Cleon. The Fiſh, being at the Time when the Sun 
enters this Sign, moſt in Seaſon,” gave Occaſion for the 


Denomination thereof; though the Poets tell us other 


Things: They give two Reaſons for the Divinity of the 
Fiſbes :—— The firſt is, becauſe in the War with the 
Giants, Venus being diſturbed, converted "herſelf into a 
Fiſh z—the Second, becauſe a Dove ſat once upon the 
Egg of a Fiſh, in the River £uphrates, and at length 
hatched a Goddeſs of great Goodneſs, and mereiful to 
Mankind. On both theſe Accounts the (Fiſhes were 


held ſacred/ and placed 1 g the Stars. — And let this 
. 2 
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fuffice, my Zuphroſyne, for the Original and fabulous 
Hiſtory of the Conſtellations of the Zodiac; the next 
Evening we will ſpend in purſuing the fame Enquiries 
relating to the Conſtellations in the northern Hemiſphere. 


* — 1 


DIALOGUE HI. 


Of the ConsTELLATIONS of the Northern Hexr- | 


SPHERE, ith their Oxicin, and Mythologic 
_ Hiſtory. 3 1 8 5 
ET Euphroſyne. | 
HE Pleaſure of our laſt | Converſation has made 
the Time ſeem long ere the next returned.— 


| {muſt ſtill expect to be indulged the Liberty (though 


tireſome); of continuing the Enquiries I have begun, in 
relation to the reſt of the Conſtellations which I ſee 
{pread over the Surface of the Globe. But, pray, which 
of them will it be proper to begin withal? ] 
Cleon. Thoſe of the Northern Hemiſphere; or on the 
North Side of the Ecliptic ; and then proceed to thoſe 


on the Southern Side. Tbeſe will give us Occaſion to 
rehearſe. moſt of the pleaſant. Stories of the Poets and 


Fabuliſts, in relation to their fictitious Original, and this 
is all we muſt here expect. 


Euphroſ. And which of theſe do you hold it proper to 


ef 


begin with? 85 d 

Cleon. With the two Bears, viz. Ur/a Major and 
Urſa Minor, as being the moſt northerly. The Greater 
of theſe was called Arctos and Helice by the Greeks; and 
the Lefler, Cynoſura, becauſe its Tail was like that of a 
Dog. The Greater of theſe Bears, was once the fair 


Caliſto, Daughter of Lycaon, who being deflowered by 


Jupiter, was, by the Rage of Juno, turned into a Bear; 
and her Son Arcas into the Leſſer Bear; but the Diſgrace 
was taken away by Jupiter's advancing them to Heaven, 
and making them two ſuch remarkable Conſtellations. 


Theſe Bears conſtantly circulate about the North Pole, 


and never go below our Horizon; on which Account, 


Virgil, ſpeaking of Draco, and the Bears, ſays; 


1 4 


Around 


MA hen thoſe ſhe hates grow greater by her Hate? 


This, This was all my weak Revenge could do: 


The great Lycaon's Mipring to his Bed. 


Euphroſ. But what is that terrible Serpent, or Dragon, 
you mention, which I alſo ſee between the Bears? And 
how came he there? | | ERS 
Cleon. This was the Watch- Dragon, which June 
appointed to keep the Garden of the Heſperides,, three 
Daughters of Heſperus, Brother to Atlas. In theſe Gar- 
dens were Trees that bore golden Fruit, which Hercules 
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Around the Pole the ſpiry Dragon glides, 

And like a winding Stream the Bears divides 
Dye Leſs and Greater, who by Fate's Decree, 

Forbidden are ta touch the Northern Sea. 


Georg. I. 


For Juno being enraged at their being taken up into 
Heaven, deſired Tethys, (the Goddeſs of the Ocean) that 
ſhe would never ſuffer Caliſto to bathe in her Waters. 


Ihen Juno ſaw the Rival in her Height, 
Spangled with Stars, and circled round with Light, 


She ſought old Ocean in his deep Abodes, 


And Tethys, both rever'd among the Gods. 2 
They aſe what brought her there ! & Ne er aſk, ſays ſhe, 
JL hat brings me here, Heav'n is no Place for me. 
bil fee, when Night has cover d all Things oer, 
ove's larry Baſtard, and triumphant Whore 
ſurp the Heav'ns ; You'll ſee em proudly roll 
In their new Orbs, and brighten all the Pole. 
And who ſhall naw on Juno's Altars wait, 


4 on the Nymph a Brutal Form impreſs dl. 
Jove te Goddeſs has transform d the Beaſt ; 


But let the God his chaſle Amnurs purſue, © 
And, as he atted after To's Rape, 
Reflore th' Adultreſs to her former Shape; 
Then may he caſt his. Juno . and lead © 


But you, ye venerable Pow'rs, be kind, 

And, if my Wrongs a due Reſentment nnd, 

Receive not in your Waves their ſetting Beams,” 

Nor let the glaring Strumpet taint your Streams.” 
The Gaddeſs ended, and the Wiſh was giu/n.— 
Mietam. II. 
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attempting to ſteal, firſt flew the Dragon, which was 
afterwards made this Conſtellation, | 

Euphroſ. On the other Side the Leſſer Bear, I ſee ſome 
great Perſonages ſure, Cepheus and Caſſiope, Perſeus and 
Andromeda; are not theſe very memorable Names in 
Hiſtory? _ ach | 

Clean, Yes, more eſpecially ſo in fabulous. Hiſtory. 
Cepheus. and his Wife Caſſipe were King and Queen of 
Ethiopia, and Andromeda was their Daughter ; ſhe was 


bound to a Rock to be devoured by a Sea-monſter, by the 


Nymphbs, becauſe her Mother Caffiope proudly preferred 
her Beauty to their's. —You fee the Fetters on each 
Hand.—The-unhappy Cafe of this fair Nymph reached 
the Ears of Perſeus, Son of Jupiter and Dana#, who, 
with his Falchion, and Wings to his Feet (which you 
ſee), took his Flight through the Air to Ethiopia, where 
he ſlew the Monſter, releaſed Andromeda, and then mar- 
ried her. They were all afterwards placed among the 
Conſtellations; where they make fome of the brighteſt in 
the Northern Hemiſphere. —— This remarkable Story 
is finely told by Ovid, which is in Part thus 
Now Kolus, the Ev'ning boiſProus Wind 
Had in eternal Caves with Bars confin'd, 
And Lucifer, bright Harbinger of Day ; 
Perſeus, and all is Bus neſs call'd away - 
I hen to his Feet again he lac d his Wings, © 
Girt on his Falehion ſure, and boldly flings 
Thro' the wild airy Regions of the Sties, 
And o er a Thouſand nameleſs Nations flies; | 
And, with a 2 Survey, thoſe Countries paſl, 
He made th' Ethiopian Land at laft. 
There lay Andromeda, expo d along, 
Candemn'd'to fuſer for her Mother's Tongue, 
Whom, when the ſbarp-ey d, tow'ring Hero ſpy d, 
Mitb Arms to rugged Rocks ſeverely iy d; | 
But that her flowing Tears her Life betray, 
And that ber Lecks with fanning Breezes play'd, 
She look d a finiſt d Marble-picce ; but now 
Soft flames in his unknowing Boſom glow. 
Ravi/d, amaz'd, he views the lovely Maid, 
Aud haif far gets his flying, airy Trade, © 


Then, 


4 
2 s Offer gladly both with Prayers embrace; 
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Then, near her, takes the Rock, and, O!] ſaid be, 

Bright charming Creature, fitter far to be 

In ſome kind Lover's foſter Arms enchain'd, 

Than with the Weight of bartrous PFetters pain'd , 

Tell me, fuweet Maid, thy Country's Name and thine, | 

And why thee thus to Rocks oe wore Chains confine ® 
Silent a-while the bluſhing Virgin /lay'd ; 

Of manly Converſe, rarely usd, afraid; | 
nly her Tears, which ftill ſhe might command, 

In her fair Eyes like riſing Fountains fland,. 

Her ſnowy Hands her madeſt Looks had hid, 

But that rough Chains her ſnowy Hands forbid ; 

Oft aſt d, (left Silence ſhould her Guilt accuſe} 

At laſt ſhe both her Name and Country ſhews. 


Her Fate foreſpew, the hideous Monſter laves 
age yield, © 


Scarce Half her Tale was told, 44% ug IWaves 


His Sides with Seas, which to his 


And whelms his Bulk ver half the wat'ry Field, 


The Maid fhrieks out; her mournful Father cries : 
Her Mother too with equal Plaints replies, 
Both wretched naw; but much more juſtly ſbe, 
WWhaſe vainer Pride diſer Vd her Miſery. 5 
No help, alas ! but uſeleſs Tears they bring, 
And, crying, round their feiter d Daughter cling ; 
IA ben Perſeus thus; Weep thus no more in vain, 
Few Minutes only now for Help remain, 

Should J, fair Danae's Son by thund'ring Jove, 
Perſeus, the Offs;ring of his golden Love,; 
Perſeus, Meduſa' Congueror, faould I, 


ho thro the Air with certain Pinions fly; 


Should I your Daughter for a Wife demand, 
J ſure might in your choice the faireft land. 
But I to thoſe will greater Merits join, - 
1f Heav'n but ſecond now my bell Deſign; 
And beg her as my Love's viftorious Deed, 


now from Death by my A ſiſlance freed. 


For who'd refuſe it in that deſp'rate Caſe? 
And, for a Pele, too, that Crown engage, 


Too weighty grown for their declining Age. 
Now, as ſome Galley, fore d with Oars and Tides, 
Plows up the Ocean —_ its foaming Sides ; 
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_ So the prodigious Mon ſter's horrid Force, 

—_. - Breaks up the Waves with an impetuous Courſe, 

; And now no fariher off than one might fling © 

; A Bullet with a Balearian Sling, | 

[- The gallant Youth, with ſudden Motion, ſprings - 

From Earth, and cuts the Air with aftive Wings j 

And as the bou'ring Hero's martial Shade, . 

With Tremblings on the wat'ry Surface play d, 
The Beaſt enrag'd at the thin Phantom grew, 

And at the Shade with utmoſt Fury flew, 

But as Jove's Bird, when from a Cloud he ſpies, 

Where on ſome Plain a Dragon baſking lies, ; 

Stoops, at his Back, and to prevent his Jaws, 

Thr#'s ſcaly Neck his crooked Pounces draus; 

So he the Air with nimble Wings divides, 

And plies the Monfler's Back and rolling Sides; 
And with a lucky Thruſi his ſhoulder rives, © 
„ And up to 1h Hilt, his greedy Falchion drives. -. 

Struck with ſo deep a Wound the Monſter raves, 
And fier:cly bounds above the *frighted Waves; ' 
Then dives again, and with a dreadful Sweep, 
With thick black Gore diflains the bailing Deep. 
And as a Boar, which eager Hounds engage, 
So ev'ry Way he vents his baffled Rage : 
While from his Fangs the wary Perſeus flies, 
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Ring round the Shores, and echo to the Skies. 
7 | Muh Foy Caſſiope and Cepheus rais'd, _ 
| iim as their Son receiv/d, his Actions prais'd; 
Call d hin their Family's Support and Stay, 
On whoſe brave arms their Hope and Safety lay. 


4 | | And ev'ry May the furious Monſter plies. - 
1 | Now on his Back and Ribs like Anvils beats 
48 Now on his Fiſh-like Stern his Strokes repeats. 
TW The Beaſt then ſpouts ſuch Floods of wat'ry Gore, 

1 | | Perſeus durſt truft his dabbled Wings no more. 

= 0 But ſpies a Rec, which bare in Calms might liz, 
i But under Water when the Sea ran high. ny 

Ki \ There ſtraight the fearleſs Hero takes his Stand, 
| | | 1 | And graſps the Summit with his ſwordleſs Hand 
1 And then, to crown his Congueſi, flrongly foint, 
bY | And thruſts his Sword oft thro* the dying Monſler's Loint, 
[ i | New, fir the Conqueſt, mighty Shouts and Gries © 
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The lovely Maid moves on, now freed from Chaing, x 
The Cauſe, and fair Reward of all his Pains. 


Metam. Book IV. 


Euphreſ. That is indeed a very beautiful Deſeription.— 


But what, or. whoſe is that frightful, ill-favoured Face 


or He d, which Perſeus holds in his left Hand? And 


what are thoſe Snakes that proceed like Hair from it? 


Cleon. That Conſtellation is called Caput Meduſæ, or, 


the Head of Meduſa This Meduſa was once the fair 
Daughter of Phorcus and Cete, who had golden Hair; 
her Charms tempted Neptune to violate her Chaſtity in the 
Temple of Minerva, which that Virgin Goddeſs ſo. 


reſented, that ſhe changed the Hair of-//edu/ainto.Snakes, 
and ſuch, that whoſoever looked on them were turned 
into Stones ; therefore the Gods, out of pity, ſent Perſeus 
to cut off her Head; which he did, and gave it to be 


laced in the Shield of Pallas and Minerva. This Story 


is alſo finely told by the ſame Poet: 
Me duſa once was for her Beauty fam d, 
At whom a Thouſand jealous Suitors aim d; 
But mare than all, her lovely Treſſes charm'd, 
Whoſe golden Beams her coldeft Lovers warm'd, 
(T've met with ſome who waited at her Court, 
And only Wonders of her Locks report) 
Her Neptune jeiz'd, with lufiful Paſſions wild, 
And in tbe chafte Minerva's Fane dei d: — 55 
The Virgin Goddeſs turn'd aſide, and hell 
Before her modeſi Eyes the ſacred Shield; 
But that the Cxime might be in one reveng'd, _ 
| To horrid Snakes Meduſa's Curls ſhe chang d, 
And that [be might in future rolling Years 5 
 Ofer-awe the vicious World with pow'rful Fears, 
The Snakes ſbe made flill in her Shield ſbe bears, 
8 ee eee 
This Meduſa was one of thoſe three horrid Monſters 
of Hell, called Gorgons; wh flew People with their very 
Looks; the Names of the other Two were Stheno and 
£uryale, - all Daughters of Pharcus. From the Blood 
which guſhed out on ſtriking off Meduſa's Head ſprang 
Pegaſus, or the winged Horſe, which you ſee depicted 
{the Fore-part) above the Equinoctial, a little below 
Andromeda. TS e 
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Euphreſ. I fee him—and, pray, what Stories do the 
Fabuliſts tell of this fingular Horſe ? and how came He in 
Heaven? | 5 

Cleon. This Horſe belonged to the Muſes, who let 
him ſometimes to the Heroes and Demi-gods, for greater 
Expedition; this Horſe Perſeus rode; and at laſt, Belle- 
rophon mounting him, was carried through the Heights of 
Air, where being ſeized with Fear and a Vertigo, he fell 
to the Earth, and the Horſe was made a Conſtellation in 
the Heavens. To this Milton alludes in his Invocation 
of Urania, in the Beginning of the 7th Book of Paradi/e 


Liſe. 


— — Up led by thee 
Into the Heav'n of Heavns ] have preſum'd, 
An earthly Gueſt, and drawn empyreal Air, 

y Temp ring; with like Safety guided down 
Return me to my native Element; x 
Left from this flying Steed unrein d, (as once 85 
Bellerophon, though from a lower Clime) | 

 Diſmounted, on th Aleian Field I fall 
Erroneous there to wander and forlorn. 

Eupbroſ. The next that makes a conſiderable Figure 
on the Globe, is Auriga ; pray, who was he, and how 
came the Kids in his Hand behind them? Ln 

Cleon. Who he was, or how he came by theſe Kids is 
hard to fay ; Mythologiſts are quite filent about him: 
Unleſs they intend | Pha#ton, who by Ovid is called the 
Charioteer of Phoebus, or the Sun; or elſe he was ſome 
diſtinguiſhed perſon among the Chariot-drivers in Races, 
ſo much celebrated among the ancient Greets and Romans; 
_y ſuch Manilius ſeems to repreſent him in the following 

mes EE 

But when the Ram firfi ſhews-thrice frue Degrees, 
The Driver rears his Chariot from the Seas, 
And climbs that Steep, whence bluſt ring Boreas brings 

His North-eaſt Blaſt, and ſhakes their freezing Wings. 

He heeps his own Concern, and thence . 7 28rd 

Thoſe various Arts which here on Earth he choſe. 

To drive tbe Chariot, to direct the Courſe, 

Aud hang with forward Laſhes on the Horſe 

Motu preſs directly, now wheel nimbly round, 

Out-ſtrip the Mind, nor raiſe the duſty Ground , 
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Or croſs athwart, and farce the Reſi to yield, 
2 the Croud, and clear the gaping Field; 
And though out-ſtript, yet ſcorn 3 to Fear, 
But, drive on Hope, and leave behind Deſpair. 
Or, midſt the Race from Horſe to Horſe 10 leap, 
woe o'er their Backs, and fix the dangerous Step: 
Or, ſingly mounted, break the foaming Faws, 
Throw well the Dart, and force a juſt Applauſe, 
Es | _ Altr. k V. 
Euphroſ. Be Auriga whom he will, the Poet makes a 
pretty Uſe of the Story. — But pray, Cleonicus, who is 


that old Fellow Boötes, with a frizly Beard, ſtanding 
with one Foot on Mount Mænalaus, holding a Club in 


one Hand, and two Courſers in a String with the other ? 
Cleon. His Name implies,an Herd/man ; but he is more 
properly called Ardlophylax, or the Bear-keeper z for he 
conſtantly follows the Greater Bear in its daily Rotation 
about the North Pole. Alſo becauſe the Bear is ſome- 
gener, by the Poets; thus Ovid: 
ow Silence o'er the ſſumb ring World did reign, 
And flow Bodtes had declin d his Main. 
Myrrha purſues her Guilt, 


times called the J/aggen, Bootes is moſtly called the Nag- 


\ A Metam. Book X. 
And in the Story of Phazton, he thus deſcribes the Con- 
ſternation of the Serpent and Bootes,— | 
The folded Serpent next the frozen Pole, 
Stiff and benumm d before, began ta roll, 
And rag d with inward Heat, aud threaten'd War, 
And fhot a redder Light from ev'ry Star. 
Nay, and tis ſaid, Bootes too, that Thou | 
 Wiuld'ft fain have fled, thi cumber'd with thy Plough, 
e i Book II. 
Zupbroſ. The Swan, I ſee, makes the next conſiderable 
Figure; he is in a Poſture of Flight, in the Mili) May; 
for what Reaſon could a Swan come there, Cleanicus ? 
Cleon. Ah, my Euphroſyne, while we are on the fabu- 
lous Part of Aſtronomy, Fiction is all the Reaſon you 
muſt expect in Things. And ſo ridiculous are the Fables 
for the moſt Part, that ove is pretended to have aſſumed 
the Shape of a Swan, in order to deceive Leda, the Wife 
8 of 


* 
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of 8 which adulterous Story is thus commemo- 
ra id by Aanilius, who ſpeaks of this Conſtellation. 
Next view the Swan, which Jove advanc'd above, 
That For m's rewar d by which he ca 
When ſhrouded in the fair, deceitful 
He'cheated truſting Leda to a Rape : 
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ht his Love. 


hape, 


Now grac d with Stars, his Wings ſtretch't ver the Skies. 


Book I. 


Eupbroſ. But I fee a much nobler Bird yet, below the 


Swan, I mean the Eagle; no Doubt but there was ſome 
notable Occafion for his being made a Conſtellation. — 


Cleon. The Eagle being King of Birds, as Jupiter 


from à Rock and carried in his Bill; 
honoured with celeſtial Dignity. — Others ſay, that in the. 
Wars of the Giants, the Eagle brought Thunder ta 
upiter, with which he quelled them; and is therefore 
called u Armour. beurer by Vi, gil. —Of the oe as 2 
Conſtellation, Manilius thus ſpeaks: 
The toto ring Eagle next doth boldly fear, 


was of the Gods, it was always eſteemed ſacred to that 
fupreme Deity, and was uſually called the Bird of ove, 
The Poets feign, that . was brought up in a Cave 
in Crete, by Doves, who fed him with Ambroſia, and an. 


Eagle, who fupplied him with Ne&ar, which he drew. 


for this he wag 


As if the Thunder i in his Claws he berg; 
Hie worthy Jove, fince he, a Bird, ſupplies | 
The Heav'n with ſacred Bolte, and arms the $ ties. 


Clean. 


Book I. 


You kill d two Serpents with your Infant Raa | 


Thich then dee 


* Jove's 15 wa ta command. 


«. w# 


|  Euphre, Who is that old Fellow Serpentarius, graſping 
an hideous Serpent i in his Hands? 

Some think he repreſents Aſeulgpius, the God 

of Phyſicians and Phyſic; be was worſhipped at Epidayrus, 
his Birth-place, firſt, and afterwards at Rome, in the 
Form of an huge Serpent —Others think it is Hercules, 
who, while an Infant, deſtroyed with the Graſp of hig 
Hands two Serpents, ſent by Jupiter to Kill bim 1 in the 
Cradle: Hence Ovid ; 


pig 
Of . 
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Of this Conſtellation, tha Manilius: 
Next Ophinclius /t-:#es the A155 Snake, | 

Untwiſts his winding Folds, antl Jmacths his Back, 
Extends its Bulk, and ver the ſlipp ry Scale, ; 
His wide. ſtretel'd Hands on either Side prevail ; . 

The Snake now turns his Back, and ſeems to rage; 
That War friſt laſt where equal Pow rs engage. 

Book I. 

Euphroſ. What is Hirenlr aboit, 1 in that kneeling 
Poſture? What means the Clab in his Right-hand, the 
three-headed Monſter in his Left, and the Lion“ 8 Skin 
ö hanging over his Arm? 

Clem. This reprefents done of the Labours df: that 
wonderous Demi. god, who was the Son of Jupiter, by 
Alemena, the Wife of Amphitryo, King of Thebes. As fe 
was the greateſt Hero for Feats of Strength; fo, no Doubt, 
His Fable had its Origin in the Hiſtory of Samfop —The 
Labours of Hercules” were many, of which twelve are 
particularly celebrated, and are contained in the. twelve 
following Verſes: 

e Cleonean Lion firſt be kills, | 

With Fire and Sword then Lerna's Hydra quells ; 

4 the wild Boar he clears th' Ermanthean Fields. 

he Braſs-foot Stag with golden Antlers yields. 

He Stympha clears of Men devouring Birds, 

And next the bouncing Amazon ungirds ; : 

The Stables of King Augeas he cleans, 

The Cretan Bull he vanquiſbes and chains : 

Diomede's Hor fes him their” Conqu'rer own, 

Then he brings low three-headed Gerion ; 

Heſperian Apples next his Name advance, 

And his laſt Labour Cerberus enchains. 5 
Of the Lion's Skin he made a Shield, and Breaſt· plate, 
Which you ſee; that thtee-headed Monſter is Cerberus, 
the Dog who kept the Gate of Hell, and whoſe Body was 
cover'd with Snakes inſtead of Hair ; ; of whom Firgil thus 
ſpeaks : 5 

Stretch d in his Kennel, monſtrous Cerb'rus round © 
From triple Taws made all theſe Rea: ms reſound. 
And Horace thus : 
Hell's griſy Porter let you paſs, STREETS 
And frawn'd and liflen'd to your Lays, 
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The Snakes around bis Head grew tame 
His Faws no longer glow'd with Flame; 
Nor triple Tongue was ſtain d with Blood. 
No more his Breath with Venom flow'd. 
: Book III. Ode ii. 
Euphroſ. Well, to paſs this Monſter a little, I obſerve 
Lyra on the Breaſt of an Eagle, what does that import ? 
Cleon. Lyra is the Lyre, or Harp of Orpheus, the Son 
of Apollo, by Calliope the uſe; on which he is ſaid to 


have played and ſung fo ſweetly, that he tamed wild 
« Beaſts, ſtayed the Courſe of Rivers, and made the Woods 


follow him. Yea, when he deſcended into Hell to 
fetch back his Wife Eurydice; he charmed Pluto and 


Proſerpina (King and Queen of Hell), and made the 


Damned dance, if what Virgil ſays be true 5 
Th unhappy Huſband, Huſband now no more, 
Did on his tuneful Harp his Loſs deplare,  ' + 
And fought his mournful Mind with Muſic to reſtore. 
On thee, dear Wife, in Deſeris all alone, « 
He call d, figh'd, ſung, his Griefs with Day begun, . 
Nor were they finiſh'd with the ſetting un. 
Ewn to the dark Dominions of the Night 
H. took his Way, thro Foreſis void of Ligbt; 
And dar'd amid/t the trembling Ghoſts to ſing, 
And flud before ih inexorable King 
2 infernal Troops like paſſing Shadows glide, 
And, liſt ning, crowd the ſiueet Muſician's Side, 
Ewn from the Depths of Hell the Damm d advance, 
Th' infernal Manſions nodding ſeem to dance; 
The gaping three mouthd Dog forgets to ſnarl, 
The Furies hearken, and ther Snakes uncurl : 
Ixion ſeems no more his Pains to feel, | 
But leans attentive on his flanding Wheel, _ 
ET”: 5 | Geor . TV. R 
With Orpheus tis uſual to join the Story of Anpbian, 
the Son of Jupiter, by Antiope; he received a Lute, or 
Harp, from Mercury, the Sound whereof moved the 


Stones ſo regularly, that they compoſed the Walls of the 
City of Thebes, according to Horace. | 


Ampbion too, as Story goes, could call 
Obedient Stones to make the Theban Wall; | 
„ eek | 8 85 He 
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He led them as he pleas d, the Rocks obey d, 
Aud danc d in Order to the Tune he play d. TH. 
T | 9 | Art of Poetry. 
Euphroſ. How extravagant are the Fictions of the 
Poets! They could never. propoſe to have Credit for 
ſuch Romances ; what could they propoſe, then, Cleo- 
nicus, in ſuch wild Relations? | . 
Cleon. Their End was to ſhew their Invention, exer- 
ciſe their Art, amuſe the Learned, delude the Ignorant, 


and ſometimes to convey moral Inſtructions in this fabu- 


lous and hyperbolical Way, which was much in Vogue 
in the early Ages of the World. Thus, all they would 
imply by the wonderful Account of Orpheus and Ampbion, 
is, that they were ſo eloquent, as to perſuade. the wild 
and ſavage People of their Time to live conformable to 
the Laws and Rules of civil Society. 2 

Euphroſ. How came the Dolphin to merit a Place 
among the Stars? Methinks they made Fiſh plenty in 
Heaven! „ i | 

Cleon. The Heaven of the Heathen, was a common 
Receptacle of every Thing; a wild Miſcellany of all 


Orders of Creatures, without Order or Diſtinction, — 
But not to digreſs; the Poets tell us of one Arion, a 


Lyric Poet of Leſbos, who got great Riches by his Art; 
and as he was going to /taiy, the Mariners attempted te 
rob him, but he deſired he might play one Pune on his 
Harp before they threw him into the Sea; he played, 
and then leaped into the Sea, where a Dolphin (drawn 
thither by the Sweetneſs of his Muſic) received him on 
his Back, and carried him to Tenedos, with all his Mo- 
ney; for which Kindneſs the Dolphin was made a Con- 
ſtellation, according to Ovid. . 
The Gods beheld the gen rous Deed, and Jove 
Aadvanc d him from the Deep to ſhine above 
Among the Conflellations, now divine, 
And for his Share of Stars, he gave him nine. 
<. Lib. Faſt. II. 
1 Euphroſ. What is this Coma Berenices, juſt above 
irgo? „ Ts i Be. 
| f "la It is the Hair of Berenice, the Wife of King 
Euergetes, who vowed to cut off her Hair if her: Huſban 


returned from the War Victor; accordingly. the fs 
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and ſent it to the Temple of Venus, from redes it was 
ſaid to be taken up into Heaven and made a Conſtel- 
lation: On which Catullus has wrote a curious Poem in 


Latin. 
Fuphreſ* The Evening is now fo far ſpett, that there 


is no Time for any fatther Enquiries ; and indeed, if it 


were not, I believe I have pretty well tired you with 
Queries for to Night. 

Cleon. Not at all, my Euphroſyne; but luckily for us, 
we have taken Notice of all that afford any Thing of 


Hiſtory or Fable in the Northern Conſtellations, worth 


Notice ; the reſt are of more modern Invention, and have 
nothing in them ſignificant. We will, To-morrow, paſs 
on to the Southern Conſtellations, which will afford us 
farther Entertainment of this Sort, and conchude this 


Survey. 


r 


DIALOGUE, IV. 


Of the ConvreLtatiohs of the SouTAERN Hez- 
MISPHERE, 01th their Fa zuLous HisTory. 


Euphroſyne. 


T* ene you appoint for finiſhing our View of 


the Conſtellations. —We are now to deſcend to 
thoſe of the Southern Hemiſphere, among which, I ſee 
Orion make a very confiderable Figure; pray, Cleonicus, 
give me his Story. | | 
Cleon. I will, and it runs thus in Fable; tis faid that 
Jupiter, Neptune, and Mercury, as they once travelled 
together, were benighted, and forced to lodge in a poor 
Man's Houſe, whoſe Name was Hircus; he entertained 
them as well as he could, which fo pleaſed the Gods, 
that they promiſed to grant whatever he aſked. He ſaid, 
he promiſed his Wife on her Death-bed- to live a Wi- 


dower, and yet he extremely defired to have a Son; 


they conſented to his Requeſt, and moiſtening an Ox's 
Hide with their Urine, they commanded him to bury it 
ten Months. After which Time, digging it up, he 
found in it a new-born Child, which from ene was 
called Uri, or Orion. | | 


4, 


| ſuch a Length on the Globe? 
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Orion was a conſtant Companion of Diana, while a 
Youth, but at length, behaving indecently to her, he 
was ſtung to Death by a Scorpion. However, Jupiter 
tranſlated him to Heaven, and made him a moſt con- 
e Conflellation, which is thus deſcribed by Ma- 
nilius : . VERY dd © 

Firſt, next the Twins, ſee great Orion riſe, © 

His Ar ms extended ſireteh der Half the Skies + + 
His Stride is large, and with a flately Pace 
Als marthes on, and meaſures a vaſi Space. 
On each broad Shoulder a bright Star's diſplay d, 
And three obliquely grace his hanging Blade. 
In his vaſt Head immers'd in boundleſs Spheres, 
Three Stars leſs bright, but yet as great, he bears. 
But farther off remsv'd, their Splendor's loſt, 
Thus gracd and arm'd, be leads the ſtarry Hoſt. | 
+ Tee, 7 Book J. 
up hroſ. The next Conſtellation I obſerve, is the 


huge Whale, or rather Sea-monſter; for he is partly 
Beaſt, and partly Fiſh. How came be in Heaven, 


pray 7: 5: | | „ | 
 Cleon, This is that dreadful Monſter which was to 

devour Andromeda, chained to a Rock; whoſe Story 1 

have before related to you from Ovid. Ihe Whale is 


thus deſcribed by Manilius: | 


Next on his Belly floats the mighty Whale, 
He twiſts his Back, and rears his threat'ning Tail; 
He ſpauis the Tide, and cuts the foaming May, 
Mide gapes his Mouth, as eager on his Prey; 
 -S$uch on Andromeda he ruſbt, and bore | 
| The troubled Waves beyond their uſual Shore. 
Euphreſ. What horrid Hydra is that which carries 
Clem. It makes indeed, a great Figure, but I cannot 
certainly tell its Original. + ſhould: have taken it for 
the Hydra of the Lake Lerna, which Hercules flew, but 
this has but one Head, whereas that is ſaid to have had 
many; of which it is ſaid, that when any one was cut 
off, another immediately ſprang up in the Place of it, 
unleſs the Blood which iſſued from the Wound was 


ſtopped by Fire; this nn by the Aſſiſtance of 


Vol. II. 


lolaus, 
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Jolaus, the Son of Ipbiclus, and ſo flew. the Serpent. 
 Jolaus, you'll find by Quid, was no Loſer by this; for 
when he was grown old and decrepit, he was reſtored to 
Youth again by the Prayers of Hercules. : | 
A the big Entrance, Iolaus appears, | 
Blooming in Beauty, and renew'd in Tears: 
Crown'd-with a ſecond Youth, and ſprighiiy Grace, 
The duubtful Down ſcarce ſhades his maiden Face. 
The Favour ta his Undle's Pray rs he oti d, 
And Hebe at her Huſband's Suit beſtow'd.. _ 
N | Met, Lib. IX. 
Euphroſ. Strange Things, ſure, have been done of 
old: If our Fugglers, or Legerdemain Gentlemen, could 
perform any Feats like this, they would be in better 
Repute among the People than now they are. — But 
that Dag, there, with a Collar about his Neck, how 
' came he in Heaven? And that little one above is ſo very 
| it 2 that I ſhould almoſt fancy it to be a Lap-do 
tt belonging to ſome of their celeſtial Ladyſhips, if 1 
k thought any ſuch Thing were the Faſhion in Heaven. — 
Cleon. Lou cannot think any Thing too wild or 
whimfical, that may not be true, of thoſe whom the 
} Ancients have advanced to their poetical Heaven: And 
{4} in this Particular of the Dog, you have conjectured right: 
1 for Poets tell us, this was the Dog that belonged to 
Fd {carus, or rather to his Daughter Erigone, who, as ſome 
t will have it, was made the Sign Nige; and it was per- 
mitted her, no Doubt, to take her Dog along with her 
to Heaven. But, be that as it will, this is certain, no 
Conſtellation was more . notable than this among the 
Ancients, on Account of that moſt obvious and remark- 
able Star in his Mouth, of which I fhall ſay more an- 
ether Time. ? A as oh 
Eupbroſ. Pray, what mathematical Inſtrument is that 
which I ſee between the Lion and the Hydra & | 
Cleon. It is the Sextant of. Mania, one of the Nine 


| 
$ 

Th = _ it is placed there in Honour of ber, as Inven- 
i treſs,-not only of that, but moſt other aſtronomical In- 

ſtruments, and the Patroneſs of Aſtronomers and the 

celeitial Sciences. — Hence the Poets, when they under- 


take to ſing of Heaven, and the Works of Nature, 
voke the Aid of Urania, as Milan: 405. 


Deſtena 
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Deſcend from Heav'n, Urania! by that Name 
1f rightly thou art call d, whoſe Voice divine 
allowing, above th Olympian Hill I foar, 
Above the Flight of Pegaſean Ving 5 
And the Author of Univer/al Beauty, Mr. Brooks, thus 
invokes this Goddeſs : | | 
| =—Thou, whom the ancient Seer fliles 
Venus Urania! born the Babe of Smiles; 
When from the Deep thy bright Emergence ſprung, 
And Nature on thy Form divinely hung, 
Whoſe Steps (by Loves and Graces kiſs d advance, 
And chearful Hours lead on the ſprightly Dance; 
While Time within eternal Durance bound 
Harmonivus, on golden Hinges moves around : 
Such, Goddeſs ! as when Silence wond'ring gar d, 
And ev'n thyſelf beheld Thyſelf amax'ld ; 
Such hap'iy by that Coon Artiſt known, 
Seated apparent b err on Fancy Throne; 
From thence thy Shape his happy Canvas bleſt, _ 
And Colours dipt in Heav'n, thy heat ny Form confe/t. 
Such, Goddeſs ! thre) this Virgin Foliage ſhine, 
Let kindling Beauties glow thro ev'ry Line, | 
And ev ry Eye confeſs the Wark divine, — 


Part I. 
Euphroſ. What is meant by the Word Crater? The 
Figure of the Conſtellation ſeems to me like a rich two- 
handled Cup, or Bowl. | 
Cleon. That is the very Thing ; it was the Bowl of 


| Bacehus, the God of Banquets and Revels. Next which, 


you ſee” Corvus, the Raven, or Crow, fitting on the Ser- 


 pent's Tail. Below theſe, you obſerve another of thoſe 


Monſters they call Centaurs, ſtriking his Spear into a 
Wolf; and next to- him is Ara, the Altar of Fove; the 
Uſe and Occaſion thereof is thus deſcribed by Manilius. 

The World's great Temple next, and Altar lies, 

Grac'd with the Gifts of cnpuring Deities ; 

When Earth-born Giants did their Skies invade, 

The leſſer Gods implor'd the greater's Aid; 

His Pour Jove doubted a, ts he view'd from far 

T be threat ning Force of the unequal Mar. 

I ben he inverted Nature's Frame beheld, 

That Earth roſe upward, and that all rebell d: 

5 D 2 | 
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That Hills on Hills heap d, rais'd their threat'ning Head, 
And frighted Stars approaching Mountains fled: 
When impious Armies at a monſProus Birth, 
Broke thro” the Bowels of the gaping Earth, 
Of diſagreeing Forms, and frightful Makes, 
Vaſt human Bodies twiſted into Snakes, 
Ere this no Danger and no Fear was known, 
And wanton Jove ſat idly in his Throne. 
But left ſome greater Pow'r (ſoft Eaſe betray'd, 
His Mind to Doubt) ſhould yield the Rebels Aid; 
He rais'd this Altar, and the Form appears, 
With Incenſe loaded, and adorn'd with Stars. 
| Lib. I. 
Eupbroſ. What great Ship is that I ſee, called Argo 
Cleon. This was the Ship in which the famous Expe- 
dition was made by Jaſon and his Company (hence called 
Argonauts) to Colchis, to recover the Golden Fleece; and 
is thus deſcribed by Manilins : | | 
Next Procyon view, and next the nimble Hare, 
Then Argo ſailing thro the liquid Air; 
Advanc'd from all the Dangers ef the T des, 
Which firſt ſhe ſftemm'd, ſhe now ſecurely rides. 
Heav'n is her Port, and now ſhe rules the Floods, 
A Goddeſs made for ſaving of the Gods. 
| | Lib. I. 


Euphroſ. 1 ſee the Peacoch is honoured with an Aſteriſm 
likewiſe, how came that to paſs? 1 
Cleon. You have now quite puzzled me—I cannot tell 
how it came about, unleſs it was in Commemoration of 


Argus, whom the Poets feign to have had an hundred 


Eyes, two of which ſlept by Turns, while the others 
watched; as is thus deſcribed by Quid : — | 
*Argus's Head an Hundred Eyes poſſeſs'd, 
And only two at once declin'd to Reſi; 
The others watch'd, and in a conſtant Round, 
Refreſhment in alternate Courſes found; 
Ihereer he turn'd, he always To view'd, 
Ig he ſaw, the ſhe behind him flood. '  — 
He was ſlain at }aſt by Mercury, and turned by Funs 
into a Peacect, who placed his Eyes in the Tail of that 
Bird. e OED | - 
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Which gave his Hundred Eyes their uſual Sight, 
Lies bury'd now in one eternal Night. 5 
But Juno, that ſhe might his Eyes retain, 

Soon fir d em in her gaudy Peacock's Train. 

Metam. Lib. I. 
much of a Piece with other 
member to have read, that 
to Juno (as the Eagle to 
it might not be on that 


There Argus lies; and all that wondrous Light | } 


Euphreſ. | This is prett 
poetical Stories. —But as 1 
the Peacock was a Bird facr 
Jupiter), I could not tell whet 
Account. | 

Cleon. That may probably be the Caſe; Juns was 
Supreme of the Goddeſſes, and her Chariot was drawn 


by two Peacocks; no Wonder therefore, if this Bird was 
made a Covſtellation, and I only think tis Pity they had 


not placed him in ſuch a Part where he might oftener 
appear, and have a greater Number of Stars to bedeck 
his Tail. | | | 

Euphroſ. Well, to paſs him, what ſay you of the River 
Eridanus, I ſee there? Is ita River of Ne#ar that ſup- 
plies the Gods with Drink ? or what is it, and how came 
it there ? =, | | | 

Cleon. The River Eridanus was that which is now 
called the Po, in Ita); it was placed in Heaven, in 
Commemoration of the unhappy Fall of Phaeton, (whoſe 
Name at firſt was Eridanus) the Son of Apollo and Chmene. 
The Fable is this; Pha#ton wanted Apollo to give him 
ſome Proof that he was his Father. Apollo, to-gratify his 
Son, bid bim aſk what he would, and it. ſhould be 
granted him, and ſwore by the River Styx, to confirm it, 
(which Oath i inviolable.) Phaston aſked Leave to 
drive his Chariot for one Day; which raſh Requeſt 
| allo, who defired him not to inſiſt on it, 
but in vain, for drive the Chariot he would, and Apollo 
by his Oath was obliged to permit bim. So up he 
mounts, and drives on, regardleſs of his Father's Direc- 


tions; but the Horſes, not finding their uſual Conductor, 


took Head, and the Charioteer being dazzled with the 
Light above, and frighted with the horrid Abyſs beneath, 
and the terrible Scorpion, let go the Reins, loſt his Way, 
and would have burnt one Half of the World, and froze 
che other, if Jupiter had not ſtruck him with a Thunder- 

£ D 3 1 bolt 
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bolt into the River Eridanus. This Story is the moft 
noble and ſublime of any in Ovid, and well worth your 
reading 3 - the Conclufion of which runs thus : | 
Jove call'd to witneſs ev'ry Power above, 
And &en the God whoſe Son the Chariot drove ; 
That what he acted, he was forc'd to do, 
Or univerſal Ruin would enſue, 
He then aſcended the, atherial Throne, 
From whence he us'd to hurl the Thunder down ; 
From whence his Shaw'rs and Storms he us'd ta pour, 
But now could meet with neuber Storm nor Shou? r. 
Full at his Head he ſhit the flaming Brand, 
I hieb flopt the Flames, and Fire with Fires reſtrain's. 
At once from Life, and from the Chariot driv'n, 
Th ambitious Youth fell Thunder-ſtruck from Heav' 13 
The Horſes flarted with a ſudden Bound, 
And flung the Reins and Chariat to the Ground. 
"The /ludded Harneſi from their Necks they brake, 
Here fell a Wheel, and here a Silver Spoke 3 
Here were the Beom and Axle torn away, 
Aud, ſeatter'd o'er the Earth the ſhining Fragments lay. 
The Blaſted Phaeton with flaming Hair, 
bor from the Chariot like @ falling Star: 
" Fhich in a cloudleſs Ev ning from the 7 AT 
Of Heav'n di aps dun, or ſeems at leaſt to drop; 
55 on the PO his ſmoaking Corpſe was hurl'd, 
Far from his un. in the weſtern World. 
| Ouvid's Met. Lab II. 
Euph-of. This is a fine Relation indeed, though fibu- 
lous; and I - ſuppoſe was intended to moor us of the 
ill Conſequences of raſh and imprudent Actions. But 
what is the Meaning of the Phænix in the Flame, which 
I ſte upon e End of the River Eridauus? 
leon. That Bird too is à Fiction; of which Pling 
thus writes; that ſhe is of the Bigneſs of an Eagle, and 
never but one; that ſhe lives.660 Years, and then makes 
a Neſt of Hot Spices, which being ſet on Fire by the 
Heat of ihe Sun, ſhe is burnt, and out of her Aſhes 
there ariſes a Worm, which aſterwards comes to be a 
Phanix. This we bave elegantly deſcribed by Ovid thus? 
Dyus all receive their Birth from other Thing, ; 
Lut From, himſelf the Phecnix only ſprings; _ oe g 
+ 0 2 
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Selfaborn, begatten by the Parent Flame, 
In which he burn'd another and the | 
Who not by Corn or Herbs his Life ſu wakes 
But the ſweet Eſſence of Amomum drains ; 
And watches the rich Gums Arabia bears, 
While yet in tender Dew they drop their Tears. © 
Hie (his five Centuries of Life Fulfld) = 
' His Neſt on Oaken Boughs begins to build, | 
Or trembling Tops 4 alm; 75 r/t he draws, 
Die Plan with his broad Bill and 7 Clatos, 1 
Nature Artificers ; on this the Pile, 
Is form'd, and riſes round: Then with the Spe! | 
O Caſſia, Cinnamon, and Stams of Nard. 
For Softnefs firew'd beneath, his fun ral Bed i is rear 'L 
Fun'ral and bridal both; and all around, © 
The Borders with corruptlef Myrrh are cred; 
On this incumbent, *till ethereal Flame, | 
Firſi catches, then conſumes the coſtly Frame; 
Conſumes him too as on the Pile he lies; 
Mm liv'd in Odours, and in Odours dies. 
. ant Phoenix from the Former ſprings 
ather's Heir, and from his tender Wings © 
- Shang off his Parent-Dufl : His Method he purſues, + 
And the ſame Leaſe of Life on the ſame Terms renews. = 
When, grown * Label, he begins to rein, 


And with Pinions can his Flight ſuſtain, 

He li 1 ts Load the Tree that bore | 
h His Father's royal Sepulchre before, 8 
du - And his own Cradle; this, with pious Care, 
the Placid on his Bath, be cuts the buxom Air, 
But Seeks the Sun's City, and his facred Church, 
ich . © MAS decently lays EY Burded i in the Pore: 

Dryd. Ovid. 

ling Euphrof. A very n Aceount, were it true 
nd Pray, what is that other Bird called the Toucan? © © 
kes Cleon. Indeed I can ſay but little of it, it is an Indian 
the Bird ; but how he, or the Phenix, or the Indian, or the 
hes Cree the Sword: Fiſh, Noab Dove, and other Conſtel- 
e 2 lations not named, came by their Divinity, I cannot 
us) particularly ſay. Tis certain they are all of them of 


modern Date, ſince Manilius, the ancient aſtronomical 
97 Foct, ſays not a Word of them; nor indeed were the 
. D. 4 Stars 
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Stars of the Southern Hemiſphere, near the South Pole, 
known in the Regiſters - of Aſtronomy till within a few 
Centuries paſt. And as they became diſcovered and 
reduced to Conſtellations, the Aſtronomers gave them 
the Figures of ſuch Creatures as they pleaſed. So that 
there remains now no more. Conſtellations, of which we 
may expect any poetical Account, unleſs we reckon the 
Milky Way as ſuch; for that we find the Poets very 
often exerciſed their Muſe upon. 3 

Euphroſ. You have already given me the true aſtro- 
nomical Account of the Miliy- Way; but it will be ſome 
Curioſity to near what the Poets ſay, or feign, on that 
Head, and therefore pray oblige me ſo far. 

Cleon. I will, ; Hercules, I have told you, was Jupiter's 
Baltard Child, by Alemena, the Wiſe of Amphitryo, King 
of Thebes, and therefore he was the Object of Fund's 
Hatred. But after many Ways attempting, to deftroy 
him in vain, ſhe was at length, by 5 0 Mediation- of 
Pallat, reconciled to the noble Babe, and let him ſuck 
her Breaſts, which he hurt by ſucking too violently ; 
wherefore ſhe put him away, and ſome of the Milk was 
ſpilt, but jt was not loſt ; for ſome of it fell upon the 
Sky, and running along, made the Milty: May. Some 
of it paſſed through the Clouds, and fell on the Earth, 
and where it fell, Lilies ſprang up, which are therefore 
white, and were by ſome called the Roſes of Juno. This 
is the Fable; the poetical Deſcription of the Milty- Way 
J have given you already. To which I ſhall add the 
various Opinions of the Ancients concerning the Origin 

of the 14'lky-Hay from Manilius, who relates them in 


. * 


the following Line. 3 
Fond Men the ſacred Cauſes firive is find, 
And vainly meaſure with a feeble Mind; 
And yet they ſtriue, they madiy whirl about 
ro” various Cauſes, ſtill: condemn'd to doubt 
_ Whither the Skies grown old, here fbrink their Frame, 
Aud thro the Chinks admit an upper Flame © 
Or, whether here the Heavens two Halves are join'd, 
E oddly clostd, ſtilileave' a Seam behind ; | 
Or here the Paris in Weages cloſely preſt, 
n * the Frame, are tucker than the reſt ; | 
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le, | Like Clouds condensd appear, and bound the Sight, 
u The Azure being thic'ned into White. + 
nd Or whether that old Tale deſerves our Faith, 
m I bich boldly ſays, that this was once the Path 
5 M here Phœbus drove; and that in Length of Years, 
© © The heated Track took fire and burnt the Stars. 
he The Colours chang d, the Aſhes ſtreu d the Way, 
ry And flill grows the Marks of their Decay: 
| Beſides, Fame tells, by Age Fame rev'rend grown, .. 
__ That Phcatbus gave his Chariot to his Son, 
ne And whilſt the Y oungſter from the Path decline, 
nat  Aamiring the ſtrange Beauty of the Sign . 
Proud of his Charge, he drove the firy Horſe, 
r's . And would out-do his. Father in. his Courſe. 
ug Te North grew warm, and the unuſual Fire 
Vf Diiſſolv d its Snow, and made the Bears retire ; 
oy f Nor was the Earth ſecure, each Country mourn'd | 
of The common Fate, and in its Cities burn d. | 
ck Then from the ſcatter d Chariot Lightning came, © 
73 And the whole Sties were one continu'd Flame. 
55 | The Wirld took Fire, and in new kindled Stars, 
" The bright Remembrance of its Fate it bears. 
me Tu Fame; nor muſt the ſofter Fable die, 
th, | That Juno's Ga do" wa flain'd the Shy, 
re And made that Milky- Way, which juſiy draws 
Kis Jets Name, the Milky Circle, from its Cauſe. 5 
Pay Or is the ſpacious Bend ee bright N | 
5 From little Stars, which there their Beams unite, © 
gin And make one ſalid and continu d Light? © 
5 ' Or Souls, 'which, loos'd from ih ignoble Chain 


Of Clay, and ſent to their otun Heav'n again, 
urg d from all Droſs by Virtue, nobly riſe, © 
In Atber wanton, and enjoy the Skies. 1 
FO E Book I. 
And thus we have finiſhed a fabulous Survey of the 
Conſtellations : That which now remains, is to proceed 
5 to a more particular Uſe of the Celgſtial Globe; and that 
ſhall be the Subject of out next Leiſure. ©. 


[ths 
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DIALOGUE y.\ 
Shewing the Uſe of the CET ES TIAL GLOnE at 
ſolving Solar PROBLEMS, of ſuch. as felate 
to the SUN. Slate Hou” Ao . 1 
A 
A Ccording to your propoſed Method, I am now to 
learn the, Uſe of the CELESTIAL Grog more 
accurately than I have yet done; but pray, Cleonicus, in 
what Reſpects, or in what Particulars, may I now expect 
—q;f ff ̃ AE Eo 
Clion. I ſhall firſt ſhnew you how to rectify the Globe 
for any Place; then, how to find the Place of the Sun, 
MAoom, or Planet, in the Ecliptic for any given Time; 
and alſo, how to find the Time of their Rifo ». Southing, 
Setting, Cc. for that Day: And laſtly, I. ſhall ſhew 
how, by the Stars on the Globe. vou may find any Stars 
in the Heavens for any Time of che Lear, and the Time 
of their Riſaig, Setting, GS. CE. 
Eupbroſ. Well, this will be very delightful, and I 
- promiſe myſelf. a great deal of Pleaſure and Advantage 
in ſuch a Speculation. Therefore, to make a. Begin- 
ning, pray. tell me what you mean by redifying the 
Globe © „ Do CE 8 395 55 
Clion To rectify the Globe for any Place, is to ele- 
vote the North Pole of it juſt fo high above the artificial 
Horizon as the Pole. Star in the Heavens is above the natu- 
ral Horizon of that Pla. 1 | 
Eupbroſ. How muſt I praceed'to rectiſy the Globe for 
any particular Place, as: London, for Inſtance ? | 
Lean. You mult firſt learn the Latitude of the Place, 
either by Obſervation,. or from ſome Table of the Lati- 
eudes, As that of London you'll find to be about 519 300 
or this you may find on the Terreſtrial Globe, by bring- 
ing Londen to the Braſs Meridian, where you obſerve it 
paſſes under 51® 30” of North Latitude: Having thus 
got the Latitude of the Place, take the Braſs Meridian, 
and raiſe or depreſs it in the Frame, till the Horizon 
cuts it (on the North Part) in 5130“, equal to the 
Latitude of London, there let the Globe reſt, and it will 
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be the true Repreſentation of the Poſition of the Earth 
and Horizon for London. | 
Eupbreſ- Well, this I can do immediately. The 
Globe is reQtified. ——— What am I to do next? : 
- Cleon.  ' The next Thing is 0 find the Sun's Place in the 
Ecliptic for any given Time you pleaſe; this you are to 
do by the Calendar and Ecliptic on the Horizon; in the 
firſt of which you find the Day, and oppoſite thereto, in 
the latter, you find the Degree the Sun poſſeſſes that 


| Eupbroſ, Let me try if I can do this for the preſent 
Day, which is the 8th of May. Let me ſee! Here 
I find the Day of the Month,———and then, in the 
Ecliptic, I find equal with it the 18th Degree of Taurus. 
Is not that right? LEO | 
Cleon. Very nearly; for in Inſtruments, however 
exact, we muſt not ſtand for a few Minutes, which 
make no ſenſible Alteration from what we behold in 
Nature, | By 9 2 
Eupbroſ. Well, as I have found the Sun's Place, what 
am I to do next? | 3 8 
Clean. In the next Place, turn the Globe about till 
you ſee the ſame Degree of Taurus in the Ecliptic on the 
Globe, and thereon ſtick a ſmall Patch, and bring that 
Patch to the Meridian, and let the Globe reſt there. 
Eupbroſ. Tis done; the Patch is now under the Me- 
ridian : but, pray, Cleonicus, what does it repreſent there, 
the Sun ? N | wa 
Cleon. Yes, my Euphreſyne, it. there repreſents the 
Noon-tide Sun for the preſent Day: For, as I have 
ſhewn you by the Orrery, whenever the Sun comes to 
the Meridian of any Place, it is then the Noon of that 
Day, or 12 Clock. Therefore hold the Globe faſt 
with one Hand, and with the other bring the Hour- Hand, 
or Index to the Hour XII, in the upper Part of the Hour 
Circle, over the Meridian, and there let things remain. 
Euphroſ. This I have done—what next? 
Clean. Now you may ealily ſolve many very uſeful 
Problems in Aſtronomy; as ( 1. ), The Globe, in this 
Poſition, ſnews you all the Stars and Conſtellations that 
were up, or above the Horizon, this Day at Noon. ( 2.) 
Obſerve the Degree the Patch touches upon the Meridian, 
88 75 : — | and 
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and that is the Sun's Declination. | (3.) See what Degree = 
of the Equinoctial is cut by the Meridian, and that will ; 
be the Sun's right Aſcenſian. (J.) Turn the Globe Eaft- 
ward, till the Patch touches the Horizon, whieh then 
repreſents the Sun's Ri/ing, and the Index upon the Hour- 
Circle will ſhew the Hour. (F) At the ſame: Time, 
number the Degrees on the. Horizon between the Patch, 
and the Eaſi-point, and that will be his Amplitude of 
Rifmg for this Day. (6.) Then turn the Globe est 
ward, *till the Patch again touches the Horizon, and the 
Index will ſhew the_ Hour of bis Setting this Day. (7.) 
You obſerve on the Horizon his Amplitude of Setting 
from the Hgfi-point towards the Soutb. Theſe Things 
you may practiſe firſt on the Globe, and then we will 
proceed to ſome other Problems. 3 . 
Euphroſ. Well then, for the Sun's Declination, I ſee 
the Patch cuts the Meridian in or near the 172 Degree 
Nerthkward, and that is his Declinatian for to Day. 
Again, I obſerve the Meridian cuts the Equinoctial in 
about 45 30% which you ſay is the Sun's right Aſcen- 1 
jun this Day. — 1 have now brought the Patch to the b 
Eaſlern Side of the Horizon, and 1 ſee the Index points A 
to the Hour of VII: 30”, for the Time of his Riſing, and 
his Amplitude is 27“ 20” to the South. Fhe Patch 
touches the Weſtern Side of the Horizon, and the Index 
ſtands at rhe Hour of IV: 30“, which is the Time the | 
Sun ſet to Day, —and bis Amplitude of Setting I ſee is the 
fame with that of his Riſing, viz. near 27* 20'to the 
Squth. . „„ wn | | 
= Clcon. Very good, my ,Euphroſyne; no one could have 
| ſolved thefe Problems on the Globe with more exaQtneſs 
than you have done——Let us now. remove the. Patch, 
and put it on the firſt Degree of Capricorn, where the Sun 
is on the ſhorteſt Day of the Year, wiz. the 22d of De- 
cember, and we ſhall fee that his Ring, Setting, Length of 
Day; an Nights, &c. are the ſame as I ſhewed you by 
the Fheor y. 8 | e aid} _ 
Eupbreſ. Pray do; —— ll put it on the firſt Degree of 
Capricorn ; and now let me ſec. the Sun's  Declination 
Fauth is then 23 30“ 3—has right 2 2709 z—his 
Altizude at Noon 15 ;—the Time of his Riſing is VIII: 


- 
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13 and of his Setting III: 47" his Amplitude; (now 
ARE BT | | greateſt) 
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ſon. 


Ecliptic, it has no right Aſcenſion. 
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| greateſt) Southward, is for his Riſing and Setting, about 


40% which I ſee is almoſt South Eaſt. | 

Cleon. I find you are very ready at ſolving aftronomical 
Problems ;—and fince on the ſhorteſt Day the Sun riſes 
at VIII: 13”, and ſets at III: 47”, tis evident, the Length 
of that Day is VII: 34/, and of the Night XVI: 26”, 


which is juſt the ſame as I told you from the Orrery. 


Eupbroſ. It is fo; and I am pleaſed to ſee how exactly 
this noble Inſtrument correſponds with the Orrery, and 
common Obſervation ; for I took notice this very Day, 
that the Sun went down by the Clock juſt at the Time 
ſhewn by the Globe. 5 28 

Cleon. It did ſo; and had you obſerved it riſing this 
Morning, you would have found it at the ſame Time, as 
by the Globe. We have ſolved the Phenomena for. the 
ſhorteſt Day; let us now ſuppoſe the Sun in the Yernal 
Equinox, that is, in the firſt Scruple of Aries, and fee 
how theſe Things will fall out for that Time, which you 
remember is on the 21iſt of March. | 

Euphroſ. Very good, Cleonicus; it is a remarkable Sea- 
I think there needs no Patch to repreſent the Sun 
there; the Interſections of the Ecliptic and EquinoCtial is 
a Point ſufficiently notable without it. ll bring it to 
the Meridian, and—then I ſet the Hour Hand to XII, as 
before,—and thus the Globe now repreſents the Noon of 


that Day. 


Cleon. Well, and how do you obſerve the foregoing 
Particulars on the Globe? „ | 

Euphroſ. | fee they are very different from what they 
were before. Now I obſerve the Sun's Meridian, Al- 


titude, or Height at Noon; is 389 30“, equal to that of 


the Eguinoctial, the Sun being in it; —alſo, becauſe the 
Sun is in the firſt minute of the Eguinoctial as well as the 
—Alſo no Declination, 
for the ſame Reaſon.— Alſo, if I turn the Globe EA or 
Mai, I ſee the Sun will riſe and ſet zuft at 6 Clock; the 
Eguinoctial being the Sun's Path for that Day —Again, 
J obſerve the Sun riſes and ſets exactly on the Ea and 
Weft Points of the Horizon; and therefore has na Ampli- 


tude that Day. | 3172 
Cleon. You are very right in every Particular, my Eu- 
phraſyne ; and thus you find the Days and Nights are then 
of equal Length, and all other Things happen * as 
„„ . 


* 0 


at III: 47, the Hour of the Sun's Riſing that Day. 
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they were explained to you by the Orrery. And in the 
fame Manner, you'll obſerve Things to. happen, if you 
ſuppoſe the Sun in the other Equinox, as on September 23d. 
Let us now proceed to the /onge/t Day, viz. when the Sun 
enters into the firſt Degree of Cancer, and obferve the 


State of Things for that Day, viz. the 22d of June. 


Euphroſ. With a very good Will, Cleonicus; and on 
that Point I'll again ſtick on the ſolar Patch, —which I 
ſet to the Meridian, and the Hour-Index to the Hour of 


XII, for the Noon of that Day.——I now obſerve the 


Sun's Meridian Altitude is very great, being 62 Degrees, — 
and his right Aſcenſion go Degrees ;—his Declination is 
now 23* 30' North, as it was before South on the ſhorteſt 


 Day.—1 ſee the Fropic of Cancer ſhews the Sun's diurnal 
Path for that Day, and by turning the Globe Eaſtward, * 


when the Patch touches the Horizon; I ſee the Index ſtand 


And again, when I bring the Patch to the Weftern Ho- 
rizon, the Index points to the VIII: 13“, the Time of 
his Setting that Evening and his Amplitude of Riſing and 
Setting is now juſt as much Northward, as it was South- 
ward on the ſhorteſt Day. =, | | 

Clem. Very right, my Euphrofyne ; and here again you 
obſerve alſo, that the Sun now rifes'on the ſame Hour in 


the Morning, as it fet on the Evening of the ſhorteſt 


Day; and ſets now at the Hour it did then riſe: 


And moreover, that the Length of the Night now is equal 
to that of the Day then; and the longeſt Day now is 


equel to the then longeſt Night. All which you fee is 
perfectly agreeable to the Theory. There are two or 
three Problems more worth knowing, relating to the Sun, 
to be reſolved on the Globe by the Quadrant of Altitude, 
which you ſee/ is ſcrewed on to the Meridian, at the La- 
titude of 51% 30 viz. that of London. | 
Eupbroſ. Pray what are they, and how reſolved by tha 
moveable Quadrant? | | e 
Cleon. One is, to find the Sun's Altitude any Hour of 


the Day, for any Part of the Eeliptic. As ſuppoſe the 


Sun in the Beginning of Cancer, where the Patch now is, 
and I would know what Height the Sun is above the Ho- 
rizon at Six Clock. In order to this, I bring the Patch 
to the Meridian, and ſet the Index to XII, as uſual; 

| 33 a "SOT 0 Tone” MATS qt rn then 


Te 
du 
d. 
in 
le 


AND LADY's PHILOSOPHY. 47 


then I turn the Globe till the Index points to the Hour 
of VI, where I hold it faſt, and lay the Quadrant over 
the Patch, and by it I ſee the Sun is about 19 Degrees 
above the Horizon, which is his Altitude at Six, for the 
Morning and Evening of the longeſt Day. Alſo, for 
the ſame Day, you find his Altitude when he is due Eaft or 
W:ſt, thus; —I bring the Quadrant to the Eaſt Point of 


the Horizon, and turn the Globe till the Patch touches 


the Edge of the Quadrant. - which you fee is at the 319, 
and that is the Sun's Altitude when due Eaſt or Weſt 
that Day, Things remaining as they were, you ob- 
ferve the Time ſhewn by the Index, when the Sun is 
due Eaſt or Weſt, viz. VIE: 27 in the Morning; and 
in the ſame Manner, you will find it to be IV: 397 inthe 
Afternoon. And theſe Things you may find for any Day, 
while the ſun is in the Summer Half of the Ecliptic. 
Euphroſ. Yes, I imagine I can, Cleonicus ;—the Me- 
thod, by ſeeing you do it, ſeems pretty eaſy. W hat 
other Problems remain ? . | 
Cleon. If by a common Quadrant, or otherwife, I take 


the Altitude of the Sun on any Day, I can find by the 


Globe what Time or Hour it was; thus—ſuppoſe on the 
12th of May, in the Forenoon, I find the Sun's Altitude 
to be 469, and would know the Time of Day, ——1 
proceed thus : 2 Calendar, I ſee the Sun's Place, 
on the 11th of May, is about 209 30 of ; and there 


1 ſtick the Patch on the Globe, which I bring to the 


Metjdian, and ſet the Hour Hand to XII. Then I move 
the Globe and Quadrant ſo together, that I cauſe the 
Patch to touch the 46th Degree on the Quadrant, and 
then holding both ſtill, I-obſerve the Index points to IX: 
30”, and that was the Hour or Time when the Altitude 


was taken, 


Euphroſ. This ſents to be an uſeful] Problem: | 
Whiel is nen: e rnd e 1 | 

Clean. By the Globe, you may find the Sun's Azimuth 
for any Hour of any given Day of the Year. —- Thus, 


let us take the laſt Inſtance of May 11th, at Half an 


Hour after IX in the Morning; bringing the Sun's Place, 

vs 209 :30/, to the. Meridian, and ſetting the Index to 
XII, I turn the Globe till the Index point to IX: 30“, 
and there hold the Globe; then I lay the Quadrant on. 
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the Sun's Place, and it repreſents the Sun's Azimuth for 
that Time, 1. e. it ſhews what Point of the Compaſs the 


Sun is upon; as in this Caſe it is upon the Point of 
(S. E. by E.) South-Eaft by Eaft ; that is, 3 Points from 


the Eaſi towards the South, You are alſo to obſerve, that 
the Diſtance between the Quadrant and the North and 
South Part of the Meridian is called the Sun's Azimuth 
from the North or South; and is reckoned in Degrees on 
the Horizon. But as this Problem is chiefly of Uſe to 
Navigators, we will pafs to another, which more generally 
concerns all Mankind, and is in itfelf very curious. 
Euphroſ. What one is that, Cleonicus ? 8 
Cleon. Concerning the Break of Day and Ttuiligbti. 


It is found by Obſervation, that after the Sun ſets, tis 


not dark Night till he is deſcended about 18 Degrees be- 
low the Horizon; and when he comes to that Diſtance 
from the Horizon in the Eaſt, the Day begins to daun. 
Euphreſ. This I long to ſee you ſhew by the Globe; 
for that muſt be exceeding natural. | 
Cleon. And it will be the more ſo, by fixing this Braſs- 
wire to the Horizon, encompaſſing the Globe at 189 
below it; for this will repreſent the Boundary between 
Twilight and dark Night. Caſt your Eyes, therefore, 
below the Horizon, and you will obſerve, while the Globe 
is turned about, that the greateſt -Part of. the Ecliptic 
will go below the Wire, and fo will admit of dark Night ; 
but ſome of the northern Part does not deſcend below the 
Wire, and therefore, while the Sun is in that Part, there 
will be no dark Night. | 1 , 
Euphroſ. Very good, Cleonicus; 1 apprehend you very 
well; but pray let me obſerve more nicely, how much of 
the Ecliptic is excuſed from that Boundary of Darkneſs. 


Clean. This you will beſt do, if I bring the Beginning 


of Cancer to the Meridian below the Horizon ; and then 
ou will eaſily ſee what Degree is cut off on each Side by 

the Wire. ——T have ſet the Globe; you may make the 

Obſervation, as I turn it about. a 


Euphroſ. I will; I obſerve the Ecliptic firſt touches the 


Wire on the Meridian, in the 2d Degree of Gemini on one 
Side; and in the 28th Degree of Cancer on the other; 
and I ſee by the Calendar, the Sun enters thoſe Points on 


the 23d of May, and 22d of Juhy; fo that for: the Space 


of 60 Days or two Months there is no dark Night. 
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Cleon. In the fame Manner, if you regard any othet 
Point in the Ecliptic, and ſtick a Patch on it; you will, 
by turning the Globe, eafily ſee when it touches the 
Wire; and conſequently, if you firſt bring the Patch to 
the Meridian, and then ſet the Index to XII, you may 
ſee what Time the Day dawns in the Morning, and the 
Twilight ends in the Evening of that Day the Sun is in 
that Part of the Ecliptic. | 
Euphroſ. Let me try this? Suppoſe the Sun in the 
Vernal Equinox, on the 21ſt of March; I bring that 
Point to the Meridian, and the Index to Xil, Now 
J turn it Eaſtwards till it touches the Wire, — when 1 
obſerve the Index points to IV, the Hour when the Day 
begins to dawn. Again, I turn it Weſtward till it 
touches the Wire, and the Index ſhews the Hour of VIII, 
for the Time when Twilight ends on that Day 
Well! this is a very pleaſant Experiment, indeed! 
Cleon. The like you may do for any other Day 
T ſhall only obſerve to you, that ſince the Sun rifes and 
ſets on that Day at Six o'Clock,. the Length of the Twi⸗ 
light is then juſt two Hours.—— Thus you may find the 
Length of the ſame for any other Day, by ſubtraQting 
from the Time the Twilight begins or ends, the Time 
of the Sun's Riſing or ſetting that- Day. — For Inſtance; 
let us take the 2d Day of March, when the Sun enters 
the 12th Degree of Piſces; and there putting the Patch, 
bring it to the Meridian, and ſet the-Hour-Hand to XII; 
and then turning the Globe till the Patch touches the 
Wire, I obſerve the Index points to IV: 41“ in the 
Morning for the Beginning, and to VII: 19“ at Night 
for the End of Twilight. Now on that Day the Sun 
riſes at VI: 380, and ſets at V: 22, and the Difference 
of theſe Numbers from the former, is one Hour 57“ for 
the Length of the Twilight; which you know is but little 
leſs than when the Sun is in the Equinoctial Point; and 
yet it is now the ſhorteſt of any in all the Lear, except 
2 the 12th of October, when it is exactly of the ſame 
Length! | tea | | : 
FTE, This. is a very eurious Point. But, pray, 
how long is the Twilight on the ſhorteſt Day? 
Clion. You will find the Twilight on the 21ſt of De- 
cember ends at V: 59', and the Sun then ſets at III: 4773 
Vor. II. - E therefore, 
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therefore, the Length of Twilight muſt then be 2 Honrs | 


and 127; which is 15 longer than in the laſt Caſe when 
Feaſt ——And thus we have ſeen the Method of ſolving, 
the Problems relating to the SUN on the CELESTIAL 
GLost. Wewill, the next Opportunity, proceed to the 
Problems of the Moon ; which I dare ſay, you will 
think for the moſt Part very pleaſant, and entertaining. 


But, in the mean Time, I ſhall make you a Preſent of a 


Map of the Solar Diſk, or Face of the Sun, for the 


Sake of giving you a clear Idea of the Spots or Maculæ, 


which ſo often appear in the Face of the Sun, and deter- 
mine its Motion about its Axis; and though 1 have 
formerly ſhewn them to you through a Teleſcope, and 
ou may have obſerved them ſeveral Times ſince; yer 
ave you never fo nicely obſerved their Motions, and the 
various Mutations, or Transformations they undergo, as 


to form a right Judgment of theſe curious Particulats. I 


Have therefore ſelected out of 26 Periods of their Motions, 


obſerved and publiſhed by the accurate Hevelivs, One, 


(viz, the 20th) which is the moſt elegant of all; and 
beſt adapted for your Purpoſe. You will there fee: the 
Courſe which is taken by two different Sets of Maculæ, 
over the Face of the Sun; one of them below the Ecliptic 
DCA, and the other above it; both which you will 
eaſily obſerve, are oblique to the Ecliptic, and conſe- 
quently, in their Motions deſeribe Curves on the Sun's 
Face, ſomewhat like to the Parallels of Latitude, which 


' you ſee on the terreſtrial Maps, the Axis of which Mo- 


tion is repreſented by the Line BCE, which is diftant 


. From the Axis or ' Poles of the Ecliptic F G, about 73 


Degrees, as you ſee in the Solar Map. The Obſerva- 
tion of thefe Spots was begun in the Year 1644, and 
continued from the 3d to the 16th of May. Below the 
Ecliptic, the Spots obſerved; were two, repreſented by 
, e, which were but juſt viſible on the third Day, on 
the Eaſtern Limb, or Margin. — On the fourth Day, 
they appeared as at the Figure 4. — The fiſth Day, they 
were not viſible.— The ſixth, ſeventh, and eighth Days, 
they were ſomewhat increaſed in Bulk. — The ninth Day, 


not viſible.—The tenth, and following Days, the Spot 4 


is vaſtly increaſed in Bulk, with an irregular Atmoſphere 


about it, and a dark central Spot.—The other Maculæ e, 


Continued. 
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continued every Day much of the ſame Magnitude and 
Appearance; but on the fourteenth, it ſeemed to have a 
ſmall Atmoſphere, mingling with that of the large one, 
On the fifteenth and fixteenth, as they were ſo near the 
Weſtern Limb of the Sun, their viſible Magnitude leſ- 
ſened till they diſappeared. —A great Variety of Trans- 
figurations may be obſerved in the Spots marked 5, c, a, 
in that Courſe above the Ecliptic, on the ſeveral Days 
of the Month there repreſented by Figures. 

Euphroſ. I am obliged to you for this Piece of nice 
Inſtruction; I ſhall put it in a Frame with a Glaſs before 
it, that I may have this moſt wonderful and glorious 
Phenomenon always in my View. "> rh 
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The The of the CELESTIAL GLoBz in 4 Solution of 


Lunar ProBLEMs, or thoſe which relate to the 
Motion and Phenomena of the Moon, | 


Euphraſyne, | 

Remember, when heretofore we talked of the Moon, 
you ſaid her Path, or Tract in the Heavens, was not 
in the Ecliptic, nor was her Orbit conſtantly the ſame, 
but always varying; how then can you ſhew the Pro- 
blems relating to the Moon on the GLose ? 
Cleon. The Taſk of inveſtigating the Reaſon, or Cauſe 
of her varions Motions, and framing a juſt Theory 
thereof, was, indeed, an arduous one; and reſerved for 
the great genius of Sir [aac Newton. But when once 
her Theory became eſtabliſhed, it was eaſy to ſhew her 
Path, and her Place on the Globe, together with her 
Nodes, and their retrograde Motions, and the Solution of 
moſt other Problems of the Moon by a very ſimple and 
eaſy Contrivance, as an Appendage to the Globe. | 
' Puphreſ. Indeed! Pray, what and how is that? I 

long to know. Re | 

"Con. It is no more than a piece of Silk Twiſt, with 
its two Ends fo tied together, that, when put on the 


% 
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Globe, it ſhall girt it very tight. —This is the Thing 
and when I put it upon the Globe, it will there repreſent 
the Moon's Way. . | . 

Euphroſ. But ſinee the Moon's Orbit lies acroſs the 
Ecliptic, how can you tell where, and how to fix it? 

Cleon. By an Ephemeris, (as Parker's, Weaver's, &c.) 
J can eaſily find the Place of the Nodes, or Points of the 
Ecliptic, in which the Moon's Orbit erofles it, for any 
given Time of the Year. By the ſame Ephemeris, I alſo 
find the Latitude, or Angle which the Moon's Orbit 
makes with the Ecliptic for that Time ; but this on the 
Globe may always be taken about 51 Degrees, without 
any ſenſible Error. | 75 

Euphroſ. Well then, ſince it is ſo eaſy a Thing, pray, 
Clecnicus, put on the Silk Cord to repreſent the Orbit of 
the Moon, for the 14th Day of Auguſt, 1759. 

Cleon. I will—here is Parker's Ephemeris for 1759, in 
which the Moon's Place and Latitude is ſhewn for every 
Day of the Month at Noon, and the Place of her Nodes 
for every ſixth Day, as you ſee in thoſe Columns reſpec- 
tively. — Thus, on the 14th Day of Auguſt, the Moon's 


Place is in Taurus 8 10 17,—her Latitude is 4® 14”, 


* 


and her aſcending Node & in 5? 4“ of Cancer , and 
the deſcending Node & is of Courſe in the oppoſite Sign 
Capricorn , therefore I put on the Silk Line upon the 
Globe, in fuch a Manner as that it may interſect the 
Ecliptic in thoſe two Points. —Laſtly, at the Diſtance of 
go Degrees on each Side the Node, I raiſe the String on 
one Hide, and depreſs it on the other, till it is 52 Degrees 
diſtant from the Ecliptic. — Thus, you fee, the filken 
Path of the Moon repreſented for the 14th Day of Auguſt. 

Euphroſ. I do, and with great Satisfaction, as it gives 
me the cleareſt Idea of the different Paths of the Sun and 
Moon through the Heavens. But ſince this is the Caſe, 
how is it, that the Moon is ſaid in the Ephemeris to be in 
ſuch a Degree of ſuch a Sign of the Ecliptic? 

Cleon. This you muſt underſtand is her Place, reduced 
from her Orbit to the Ecliptie, by a Line conceived to 
paſs through her Center to the Ecliptic, which is called 
a Circle of Latitude; and this is done by the. Ephemeris- 
Makers for every Day in the Year. —Thus, for Inſtance, 
the faid Circle of Latitude paſſing through 103 of 
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Taurus , will cut the Gilken String in a Point, which 
will ſhew the true Place of the Moon in ber Orbit for 
that Day at Noon. | | | 

Euphreſ. I underſtand you perfectly well; and fo, I 
ſuppoſe, if I ſtick a Patch upon that Point, it will be a 
true Repreſentation of the Moon's Place, in order for 
the Solution of fuch Problems. as relate to her Riſing, 
Setting, &c. for that Day.—And therefore— 

Cleon. But hold, Siſter, one Thing you ſeem not to 
recollect, which is the large Space which the Moon 
deſcribes every Day in her Orbit, by which Means it 
becomes neceſſary to find her Place, not for the Noon of 
the Day, but for any Number. of Hours, before or alter, 
at which ber Appearance. is required, — Fhus, for In- 
ſtance, ſuppoſing the Time of her Riſing on that Day 


Was required, her Place muſt be ſought, for about ſix 


Hours before Noon ; and for the Time of her Setting, 
her Place muſt be ſought for {ix Houcs after. | 
Eupbroſ. You do well to put me in mind of ſo neceſ- 
fary a Point. I well remember, you ſhewed me, on 
the Orrery, that the daily Motion of the Moon was 
about 13 Degrees at a Mean, but in the Epbemeris for 
Time, I obſerve, that the Motion of the 

Mob from the Noon of the 14th, to that of the 15th, 
18 149 Therefore about a fourth Part of that Space, 


iz. 3 10% muſt be added to her Place, the 14th Day at 


Noon, for her Place at Six in the Evening, which will 
make 13 29” of Taurus , where, I duppoſe, I may 
now ſtick the Creſcent-Patch. ee 


Cleon. That will be the Place of che Moon for the 


Evening of that Day, and by Means af the Creſcent, 
which you have placed under her Orbit, juſt below that 
Point of the Ecliptic, you will find her Phznomena for 


that Evening, much after the ſame Manner you did thoſe 
of o Sun, ia regard to its Riſing, Setting, South- 
WER. ce Ef e 

Euphroſ. So J apprehend: But let me try how ready 
Jam at the Practice. — The firſt Thing I have to do, I 


ſuppoſe, is to rectify the Globe to the Latitude. of the 


Place, —and then to bring, the Moon's Place o the 
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. Clem. By no Means, Siſter, —It is the Sun's Place 
em are to bring to the Meridian, and place the Hour 
ndex at XII, and thus it will be rectified for your 
Purpoſe, . 5 5 
" "Euphroſ. If I knew how to do the Thing, I ſhould 
not need a Tutor.—But I fee the Reaſon of it at once, 
now you have ſet me right. —Well! let me proceed. — 
The Sun's Place I find in the Ephemeris for that Day at 
Noon is 2419 16” of Leo, which Point of the Ecliptic I 
bring to the Meridian, and there holding it faſt, I fix the 
Hour-Hand to XII, and thus it is rectified for that. Day : 
Then I turn the Globe, 'till the Index points to the 
Hour of VI1.—But I ſee no Moon above the Horizon. — 
Of Courſe, I turn the Globe till the, Creſcent comes 
into the "Eaſtern Part of the Horizon, where it ſhews the 
Moon riſing at a few Minutes after X, upon the E. N. E. 
Point of the Compaſs nearly, and about 21 Degrees of 
Amplitude North. — Am LI not fo far right, Clemicus ? : 
Cleon. You are very near the Matter ;—But if you 
would be very exact, you muſt make ſtill more; Allow- 
ance for the Moon's Motion for 10 Hours, inſtead of fix, 
which will carry her a little farther Eaſtward, and make 
her riſe ſomewhat later. e SC ag | 
Eupbroſ. I ſee the Neceſſity of it, from what you have 
faid, and I was going to ſay, that I had nothing now to 
do hut to bring the Creſcent to the Meridian; but Lobſerve, 


4 a A 


that will take up 7 Hours Motion of the Globe, which 


added to the former 10, makes 17 Hours, from the Noon 


of the former Day; therefore 2 of the Moon's daily Mo- 


tion, or near 10 Degrees, muſt be added to her Place 


"the foregoing Day, which will give the 20th Degree of 


Taurus &, in. the Ecliptic, for the Moon's, Place in her 


Orbit juſt below, to which I muſt now remove the Creſ- 


cent; and having brought it under the Meridian, I ſee 
the Hout-Index points to about Half an Hour after Five, 
for the Time of her Southing, on the 15th Day; and 
this, I obſerve, is confirmed by the Time. of the Moon's 
Southing in the common Almanac, prefixed to Parker's 


Epbemeris.— Then next, I, oblerve, that in bringing the 


Creſtent to the Weſtern Horison, there will be about 74 
"Hours Motion of the Globe required, which muſt like- 
wile be 2llowed for in the Motion of the Moon, which, 
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added to the former, make out the Motion of the whole 
Day, or 14 Degrees. — And thus I find the Time of her 
Setting to be about One o' Clock on the 15th Day.— 
Hence alſo. it appears by the by, that on the Day before, 
or 14th Day, the Time of her Setting was about Mid- 
— I am glad to ſee you are fo dextrous, 
Euphroſyne, at the Solution of Lunar Problems; and 
though they are not ſo readily performed as thoſe of 
the Sun, yet are they, in their own Nature, more 
curious, and very eaſy, with a little Practice, by Means 
of the Ephameris, and the moſt difficult Part is now 
over. In the Solution of theſe Sort of Problems, there 
is allo greater Variety than in thoſe of the Sun; for 
Here we may obſerve, that as the ; Moon's Orbit makes 
an Angle with the | Ecliptic, we enquire for the Lati- 
tude, as well as the Longitude. of the Moon, and yon 
obſerve, in the Ephemeris, that her Latitude, on the 
14th Day of Auguſt, at 12 O0 Clock, is 49 14. 
Euphroſ. Very good; I ſee it is; but what are thoſe 
numerous Lines croſſing the Ecliptic at right Angles 
all around the Globe, and others that run parallel te 
the Number of 8 on either Side, and what is their Uſe ?: 


(Clean. They are called by Aſtronomers the Zodiac, 


and they are drawn at the Diſtance of a Degtee from 
each other, and thoſe. which are perpendicular to the 
Ecliptic ſerve to meaſure the Degrees of Latitude in 
the Moon and Planets, none of which ever deviate ſs 
far as 8 Degrees ſrom the Ecliptie 3 and therefore, 
wherever the Places of theſe celeſtial Bodies are found, 
their Latitudes from the Ecliptic are by theſe Lines 


_ eaſily ſhe vm; as alſo. the Longitude, and many other 


valuable Uſes are to be made of them, as we ſhall 


find in our future Practice. Ibis Zodiac is one of the 


many great Inventions of the late Dr, Hall, and has, 
about 20 Years ſince, been placed upon Mr. Senex's ce- 
deſtial Globe, for rendering its Uſe; more extenſive 


and perfect. | 


Eupbraſ. This muſt be a very great Improvement 
of the Globe, as I myſelf am Witpels;z fince, by thoſe 
Lines, I ſee the ſame Latitude of the Moon expreſſed 
an the Globe, as I doin W whereas, with- 
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out thoſe auxiliary Lines, I noo not have known 
what her Latitude had been, without the Trouble of 
meaſuring it by the Degrees on a Quadrant of Altitude. 
II lhkewiſe ſee, at the ſame Time, what Latitudes 
,correſpond to the Place of the Moon in every Part 
of her Orbit, or Diſtance from her Node, which muſt 
be a very great Satisfaction and a g to all Lovers 
of Aſtronomy. 

» Cleon. By Means of the ſilken Onions you will be 
enabled, at all Times, to obſerve the Declination of 
the Moon from the EquinoQtial Line, which will be 
ſometimes leſs than that of the Sun; and be ſometimes 
North, when that of the Sun is South, and vice ver ſd. 

Euphreſ. Well! let me enquire what the Declination 
of the Moon is for the 14th Day of Auguſt at Noon. 
bring the Creſcent to the Meridian, and there find it 
under '1 1% 40/, which therefore is the Declination for 
that Time. Indeed, by this artificial Lunar Orbit, I 
can eaſily ſee, that the Declination of the Moon may 
be ſometimes five Degrees greater, and ſometimes ſq 
many Degrees leſs than that of the Sun.—I alſo ſee, 
that her Declination may be North, while her Latitude 
is South: and the contrary ; and were the Lunar 
Otbit to interſect the Eeliptie in the Equinoctial Points, 
it would cauſe the Moon to appear much nearer our 
Zenith, at ſome Times, than ever the Sun has been 
ſeen ; roy to ſhew her but at a ſmall Diſtance above 
the Horizon at other Times — And ſuch Appearances 
of the Moon I have really ſeen, and wondered, at the 
ſame Time,” how it came to be ſos nor do I yet ſee 
the Reaſon plainly, unleſs I can ſuppoſe the Nodes of 
the Maon's Orbit to change their Places, and at Times 
. — into the -Equinoxes, 

Oton. You have now bit upon the very Thing that 
cauſes ſuch a pleaſing and wonderful Variety in the 
Lunar Phznomena. — The Nodes of the Lunar Orbit 
-pre not fixed; but conſtantly in Motion in a retrograde 
Manner; i. e. they go backward, or contrary to the 
Order of the Signs, and at ſuch a Rate, as to be every 
ear 20 Degrees more backward in the Eeliptie than 
before. This you may be eaſily convinced of by the 
| Epbemer is; for the Face of the aſcending. Node for the 


huſk 


u 1 n a as 
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firſt Day of January, for the preſent Year (1758), was in 
159 51” of Cancer, and through every Month of the 
Year it retrogrades, till the laſt Day of December, it is 
found in 279 30“ of Gemini; and thus, in the Space 
of about 184 Years, the Nodes go backward through 


all the Points of the Ecliptic, and conſequently, once 


in that Time the aſcending Nede will be in the Begin» 
ning of Aries, and ſhew the Moon nearer to, or farther 
from our Zenith, by 5 Degrees, than ever the Sun ap- 
pears; but, when it poſlefſes the autumnal " Equinox, 
the contrary will happen; and there are few People 
that live to the Age of 30 or 40 Years, but what muſt 
remember to have ſeen this Variety of Lunar Altitudes, 


as they happen ſo remarkably different, in the Space of 


little more than nine Lear s. 8 
Euphroſ. I ſhall not trouble you with it now, Cleonicus, 
but, for my own Amuſement at leiſure Hours, I ſhall 
put this Lunar Orbit into all its different Poſitions, with 
regard to the Ecliptic, to ſee from thence all the Variety 


of Appearance that can ariſe, with regard to her Alti- 


tudes, Riſing, Setting, c. | | 

+ Cleon. Now you talk of her Riſiag and Setting, I muſt 
obſerve to you, that there will be ſomething peculiarly 
ſtrange and entertaining reſult from your Experiments of 


that Kind; eſpecially, if you enquire how theſe Phzno- 


mena will be cireumſtanced, in regard to the different 
Parts of the Earth, by rectifying the Globe to many dif- 
ferent and extreme Degrees of Latitude. One Phz- 
nomenon of this Kind you have heard much talk of, 
uſually called the Harve/t-Moon,' and ſometimes. the 
Shepherds, and the Hunters- Moon; which, if you remem- 
ber, I: told you I ſhould: reſerve. for an Explication, till 
I came te the Uſe of the celeſtial, Globe; this being 
the only Inſtrument by which it can be naturally repre- 
ſented and clearly under too. | 
Euphroſ. Nothing will be more grateful to me than 
the Explanation of a Phznomenon 1 have ſo long, deſired 
to underſtand, and which is looked upon almoſt as a 
Cleon. As much as this has amuſed and ſurpriſed many 
People, and as prolix and tedious as ſome Diſcourſes have 
been to explain it, you will find that there is nothing 
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ſtrange or wonderful in the Nature of the Thing itſelf, 
and that it requires but very few Words to explain it, 
at leaſt to the Apprehenſion of the Fair Sex. For 
this Purpoſe, take your Globe, and reCtify it for the La- 
titude of England, and turn it about, till the two equi- 
noctial Points are in the Horizon, the Vernal Zquinox in 


the Weſtern Part, and the Autumnal Eguinoæ in the 


Eaft. 12.105 | | i ITT 0 
Eupbroſ. This I have done ;—— —and what follows 
then? 4 85 H e 90 


Oben. Tou will then obſerve, that the Ecliptic has a 


great Elevation above, or makes a very large Angle with 
the fouthern Part of the Horizon, viz, about 62 Degrees. 
Now turn the Globe about, ſo that the Equinoctial Points 
may interchangeably poſſeſs the ſame Parts of the Horizon 
as before, I. e. the Autumnal Eguinex in the Weſtern 
Point, and the Vernal Eguinoæ in the Eaſtern Point. | 
Euphroſ. This is ealily done —and I gueſs what you 
Have next to tell me.——1s it not to obſerve: how: ſmall 
the Angle is which the Ecliptic now makes with the 
Horizon? | LY EG REELS "133 
Cen. That is the very Thing my | Euphroſyne ; for 
on theſe two different Poſitions Sede Eeliptic, with 
reſpect to the Horizou, the whole Affair depends, which 
we ſhall render more eaſily to be underſtood, by exem- 
plifying this Matter in the following Manner. —In the 
- firſt Caſe, ſuppoſe there was a full Moon on the Day of 
the Vernal Equinox; — then I bring the firſt: Degree ol 
Aries to the Meridian, and ſet the Hour Index at XII. 
I turn the Globe, till that Point touches the Horizon, 
and ſhews the Sun Setting therein z— then you will eafih 
underſtand, that the Full Moon is in the firſt Point 
Libra, and rifivg in the Eaſtern Point of the Horizon, 
„ / 549 75 often ny ils 
—_ All this I perceive very plainly. What am I 
to obſerve next ? IU 8 . Was 
Cleen. You will now recollect, that ſince the Moon 
moves in one Day about 1 3®, therefore the next Day at 
Night, at Six in the Evening, the Moon will be ad- 
vanced to 139 of Libra; and therefore, to ſhew her 
Kiſing in the Horizon, the Globe muſt be turned about, 
"ll that Degree of Libra appears in the Horizon 
5 . then 
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| then look at the Hour-Index, -and you will ſee it point to 


16 Minutes paſt VII. - Whence you obſerve, the Time 


of her Riſing is one Hour and a Quarter later than on the 


Equinoctial Day, or Evening before. KAR La 
Euphroſ. All this is very eaſy; and I preſume you are 
next to ſhew the ſame Thing, or the Difference in the 


Time of her Riſing for the other EquinoCtial Day. 


Clean. You rightly judge of my intention. bring the 
Point of Libra, which the Sun is now ſuppoſed to pole, 
and place the Index to the Hour of XII. — Then turning 
the Globe, I bring that Point to the Weſtern Point of the 
Horizon, to ſhew the Sun there ſetting, with the Index 
pointing to VI.— Then in the Eaſtern Point of the Ho- 
rizon, the Moon is riſing, at the ſame Time, in the firſt 
Point of Aries. — Then, ſince the Moon will, by Six 
o' Clock the next Evening, have advanced 139 forward, 
I muſt turn the Globe, till the 13 of Aries riſes ;—and 
J turn it, you ſee, but a very little before the Moon 
appears; for look at the Index, and you will ſee it point 
out the Time of her Riſing,” which is but about 22 


Minutes after VI. 


Euphroſ. The whole Thing is now unravelled—By 
this Experiment, I at once fee the Nature of this Phæ- 
nomenon. The ſmall Angle which the Ecliptic now 
makes with the Horizon, is the Reaſon why ſo ſmall a 
Motion of the Globe. is neceflary to make the Moon riſe 
after the ſetting Sun.—But 22 Minutes Difference in 
Time now, and 76 ia the former Caſe. —Hence it is 
very evident, that for ſeveral Nights about the Autumnal 
Equinox, we ate no ſooner bereft of the Sun - Beams, but 
the Moon illumines the ſky with her filver Ligbt.— 
The contrary of all which muſt happen at the Vernal 
Equinox, where ſo large a Space muſt intervene between 
the Setting of one Luminary, and the Riſing of the other; 


and conſequently, I am fully fatisfied from hence, Why 


thoſe lightſome, pleaſant Evenings ſhould occaſion the 
forementioned Appellations of the Moon, as being ſo par- 
tieularly ſerviceable to Shepherds, Sportſmen, and People 
in the Harveſt- Field. And I farther obſerve, that this 
ſmall Difference of Time between the Setting of the Sun 


and the Riſing of the Moon, in the autumnal. Seaſon, 


will be ſtill farther leſſened, when the Nodes of the Moon 
e are 


- 
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are in the Equinoctial Points, i. e. when the aſcending 
Node poſſeſſes the firſt Point of Aries; for then the 
Moon's. Orbit will be meſt oblique to the Horizon, or 
make the leaſt Angle with it. 8, M 

Cleon. Your Readineſs in apprehending the Reaſon of 


theſe Phænomena, ſuperſedes the Neceſſity of inſiſting 


any longer upon this Subject. 
Yonr next Exerciſe will be the Planetary Praxis, which 


Ladies. | | E 
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ä 


% DAL u. 


The Uſe of the CELESTIAL Groß, in the. Solution 
f PROBLEMS nen the-PLANETS | and Co- 
at which lately appeared. 


FJ HE preſent Hour, my .Eupbroſyne, is deſtined for 
your farther Inſtruction in the Doctrine of practi- 
cal Aſtronomy. You know full well how uſeful the 


- 


Celeſtial Globe is, in the Reſolution of ſuck Problems as 


relate to the Sun and Moon; and you will now find it 
very eaſy to apply that excellent, Inſtrument, in the ſame 
Manner, to ſolve all ſuch Queſtions as relate to the Pla- 
nets and Comets. WE 


Fupbraf. I make no Doubt but I ſhall; and it is a par- 
ticular, Pleaſure to find, that Problems of ſo ſublime a 


Nature, admit of a Solution with ſuch great Facility, by 
the Globe. The happieſt Invention ſure that ever Man- 
Kind was bleſt with! And it is no Wonder, when we 
ſee thoſe noble Inſtruments in the Study of every Gen- 


tleman and Lady of Taſte.— With regard to the Planets, 


I preſume, there will be no 1 Difficulty; but how 
0 ir the Globe for the Comets, 
Jam quite at a Loſs to gueſs, as I have ſcarcely ever 


heard ſuch a Thing, or gyer find the Mention of it in thoſe 


Authors 
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Authors you have recommended me to read upon the 
Subjeck. | 
Clean, Never fear, my Euphroſyne, though the 
Subject be new, it is not difficult; and you may have 
Jer, to enjoy 
the Beneſits of the Praxis on Cometary Aſtronomy. The 
Comets are, properly 5 no other than a very 
large and numerous Claſs of Planets, whoſe Motions, 
performed in the Heavens, I have already explained to 
vou; and it is the Glory of the preſent Age to have the firſt 


and fulleſt Confirmation of this new Species of Aſtrono- 


my confirmed, as we may ſay, by Experiment. I mean, 
by the return of that Comet, which 1 formerly told you 
was expected, and which, during the Month of May 
laſt (1758), made its Appearance above our Horizon, ac- 
cording to the Time calculated, and predicted by the late 
great Dr. HALLEx. | 

Eupbroſ. The Novelty, as well as the Uſefulneſs of 


| ſuch a Subject, muſt give the higheſt Pleaſure to every 


2 


young Tyro in Aſtronomy. The Return of a Comet 
has a Sound, great as the Event itſelf; and if I can 
be ſo happy as to underſtand by the Globe the ſeveral 
Appearances of ſuch a wonderful Phznomenon, in 
its Paſſage through the viſible Part of our Syſtem, it 


will be the Completion of my higheſt Expectations. 


But, I ſuppoſe you will begin with the Planets firſt. 
Cleon. Yes; but that will prove a ſhort and eaſy, 
Taſk, as you have been already inſtructed in the Man- 
ner of finding the Places of the Planets for any given 
Day in the Zphemerrs; and likewiſe, at the ſame Time, 
the Manner of finding their Places in the Heavens, by 
an artificial Planetarium *, and their Poſitions and Af- 
pes with reſpect to each other. The Uſe of the Globe 
for this. Purpoſe is only ſor the Sake cf Variety, and 
ſhewing the ſame Things, if poſlible, in a more natural 
and eaſy Manner, — Ihe firſt Thing, therefore, that 
I ſhall enjoin you is, to take your Paper and Patches and 
our Ephemerts, and lay them before you on the Table 
= the Globe. Then find each Planet's Place ſepa- 
; N rately, 


Not 1. Farthy- = 
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rately, for the firſt Day of Oclober next. — Then ſtick a 8 

Patch on each Planet's Place in the Ecliptic, denoting 

- the Size of the Planets. And, laſtly, rectify the 

Globe for the Hour of X, in the Evening of the afore- 
ſaid Day. | | | i 

Euphroſ. This Problem, I ſee, conſiſts of four Parts, 

to each of which I ſhall readily addreſs myſelf, ——— 

Here are the Patches, in the firſt Place; —and here 

alſo the Part of the Ephemeris. Now, let me ſee 

for October, the iſt Day; I obſerve, in the Column of 1 

Saturn Retrograde (R). I find his Place is 109 36” off p 

Piſces (X):. — This Place I find in the Ecliptic F 

on the Globe, and there I ſtick a large Patch. — b 

So far I am right, with regard to this Planet, Cleonicus. | 

Cleon. I ſee you are extremely ready at finding the : 

Planets Places. You want none of my Inſtructions, 7 

but may proceed in the ſame manner to tind the Places 4 

of all the reſt on the Globe. N 1 

Euphroſ. In the next Column, I find Jupiter 1; 1 

poſſeſſes 130 38“ of Capricorn uf, and becauſe he is F 

the largeſt Planet, I ſhall put a Patch of the largeſt Size I 
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on that Point of the Ecliptic on the Globe. — —In 
the following Column, I find Mars d in 99 297 of 
Les; in which Part of the Ecliptic on the Globe I 
ſtick a ſmaller Patch. In the next Place, Venus $ 
I obſerve, in 129 31” of Scorpio; where I ſhall place 
a Patch one Size larger. And laſtly, the little 
puny Planet Mercury I, is juſt entered the 222 of Virgo. 
On the firſt Minute of that Sign, therefore, I place 
the ſmalleſt Patch; and thus, I think, Cleonicus, we 
have brought down all the Planets from the Heavens, 
and conſigned them to their proper Places on the Sur- 


face of the celeſtial Globe, for the Time appointed. 1 
Cleon. You have performed this Part very accurately 15 
indeed. Vour next Buſineſs now is to rectify the Globe 1 
for the given Day. . 

 Enphroſ. This I can ſoon do.——1 elevate the 
North Pole to 514 in the firſt Column for October, 7 
a againſt the 1ſt Day, I fee the Sun's Place in 5? 58 of -- 
Libra, on which Point of the Ecliptic I ſtick a round P* 
Piece of red. Paper, to denote the Sun, and bring it 1 


to the Meridian, placing at the ſame Time the Index 
; | to 


any other. 
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to the Hour of XII, —and thus the Globe is rectified 


as you require. 
Cleon, It is ſo.— And now nothing remains but to turn 
it round, till the Index points to the Hour of X at 


Night, and then you will ſee which Planets are viſible 


above the Horizon, and which are not; alſo the Time 
when they riſe, culminate, fet, &c. when they may 
be feen with a Teleſcope, and when not; with many 
other uſeful Particulars. 

Euphroſ. That is done — And now I obferve. the 
largeſt Patch at the weſtern Part of the Horizon, which 
ſhews Jupiter near ſetting at that time, —The next larger 
Patch, I ſee, is a little on the Eaſt fide of the Meridian; 
by which I am informed, that the Planet Saturn is, at 
that Hour of the Night, nearly South; but as for the 
reſt of the Patches, I ſee none above the Horizon, by 


Which I am ſatisfied they are all inviſible below for that 
Time of the Night. learn from hence, that Saturn 


then is in the beſt Situation to be obſerved by the Te- 
leſcope ; and that Jupiter will be too low in the Atmo- 
ſphere, and too near the Horizon to be well obſerved, 


even at 9 o'Clock.—-I move the Globe to bring Jupiter 
on the M 


eridian, and it ſhews him full South, at Half 
an Hour after VI, on that Day; at VII nearly, I 
fee the Planet Venus ſetting, —and the Planet Mercury 
rifing at Half an Hour after XII.—The Planet Mercury 
riſes about V, a little before the Sun. —And thus 

am inſtantly ſatisfied of the Appearance of thoſe Planets 
for that particular Time; and can eafily find them for 
What is there farther to be done in the 


Cleon. Nothing material. One Thing only may be 
obſerved, that their Orbits do not coincide with the 
Ecliptic; yet, as they deviate to ſuch ſmall Diſtances from 
it, it is not worth while to conſider it in Practice, as it 
makes no ſenſible Difference on the Globe“. We 

8 therefore 


But leſt any of our Readers ſhould have the Curioſity of 
performing theſe Problems according to the preciſe Truth, a- d 
would chuſe to repreſent their Orbits by a filken String, or 


Thread, as was directed in the Cafe of the Moon; it will be 


neceſſary 
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therefore next proceed to the Comet, and your Buſitiels 


now will be to learn how you trace the Courſe of a Comet 
through the Heavens, on the Snrface of a celeſtial Globe, 


and to ſhew the ſame, during the whole Time of its 


Appearance. Of this you will have an Example, ſuffi- 
ciently noble and inſtructive, in the Comet which lately 
made its Appearance. — This Comet was ſeen at Beſton 
in Neu-England, in the Months of October and November, 
1758, in its Return to the Sun, when the Orbit of the 
Comet was but a ſmall Diſtance from that of the Earth, 
in the Part where they obſerved it; after which, it ap- 
proached ſo near the Sun, as to be loſt in its Beams for 
fome Time, *till after paſſing the Peribelion, it became 
again viſible in its retrograde Courſe from the Sun, towards 


the latter End of March; when it was ſeen, and obſerved 


by many Gentlemen in the Vel. Indies, and particularly 
by Mr. Brown at Jamaica, it was obſerved, during the 
whole Month of April, and Part of May, whoſe Latitude 
rendered it viſible to him, while it was for the greateſt 
Part of the Time inviſible to us, by reaſon of its ſouthern 
Courſe through the Heavens. This Gentleman has given 
us an Obſervation on the Comet, on the 31ſt of March, 
by which you will eaſily find its Place in the Heavens, 
on the Surface of the celeſtial Globe. But firſt, you 
muſt rectify the Globe for the Latitude of Jamaica, 
which is 179 30“, as you will hereafter ſee on the ter- 
reſtrial Globe. . 


1 m A 


neceſſary to give here the Place of the Nodes, and Inclination of 


the Orbit for each particular Planet for the preſent Time 


as below. . | 
| | 8 
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. Fuphroſ. As you give me the Latitude, I can as well 


| rectify the Globe for the Latitude of Jumaita as for that 


of England ——Therefore 1 bring 177 30/ to the Hori. 
zon, which ſhews the Elevation of the Pole for that 
Place Then on the 31\t of March, I fee the Sun's 
Place is in 10? 20 of Aries M, which, therefore, I bring 
to the Meridian, and fix the Index to XII. Thus it 
is rectiſied for the Noon of that Day. What is to 
be done next, Clemens f | | 
Cleen, At Five in the Morning, that Gentleman ob- 
ſerved the Comet's Altitude was 22” 50%, and its Azis 
muth 718. E.— By this, you will readily enough find its 
Place on the Globe, from what you have already learned. 
Euphroſ. * | believe I ſhall be able to aſſign. its Place 
with a little Recollection. ——— The Hime was Five in 
the Morning; therefore, I muſt turn. the. Globe aboutz 
till the Index points to the Hour of V. In the next 
Place, the Comet's Azimuth, it ſeems,” was 71 from the 
South towards the Eaſt. This requires the Quadrant 
of the Altitude to be fixed in the Zenith, — which I 
have done. ben I bring the ſaid Quadrant to eut the 
Horizon in 71 from the South Point and laſtly, fince 
the Altitude of the Comet was then 22“ 50%, under chat 
Point in the Quadrant will be the Comet's Place, where 
of Courſe I muſt ſtick a Patch to repreſent it: And 
1 chin Fam {o-farright 7H 7 Pe? 1 NonSaed 
Clem You are, my Euphroſyne, right im every Parti- 
cular but one. Four Comet has got no Tail; but 
that we ſhall diſpenſe with for the preſent. —— Von have 


juſtly aſſigned its Place for that Time, which you will obs 


ſerve to be in the Zodiac, with about 3? N. Latitude from 
the Heliptic, and in about the 27 of Aquarius, Now, 
ſnew me the Time that it roſe in the Horizon of Great 
Britain, on the abovementioned: Day. 1 | 
Euphroſ. That I ſhall inſtantly do. The Globe is 
now elevated for the City of London, ——I next bring the _ 
Comet to the weſtern Part of the Hotizon, and find it 
there between Two and Three o' Clock in the Afternoon; 
therefore it could not be ſeen in the Evening. Next, 
bring it to the eaſtern Horizon, and then obſerve, the 
Index points to 45 after III. This, therefore, 'was the 
Time of its Riſing that Day. But, pray, how came 
Vor. II. che 
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the Britih Aſtronomers not to obſerve it, or mention its 
being ſeen at that Time in England? | | 

Clean. This I cannot eafily account for, unleſs it was, 
becauſe the Sun was near the Horizon, and cauſed, a 


Twilight, or Dawn, too ſtrong for it to be obſerved; as 


likewiſe, the V apours of the Atmoſphere might be another 
Reaſon for rendering it incapable of being ſeen ; but it 
was quite otherwiſe in the Latitude of Jamaica, where 
the Comet was high, the Sun much below the Horizon, 
and che Morning Dark at the Time of obſerving it. Vou 
have thus found one Place of the Comet, and by finding 
one other, you will be able to repreſent the Tract which 
is deſcribed in the Heavens between bot n... 
Euphroſ. For that Purpoſe, I ſuppoſe, it will be ne- 
ceſſary that you mention the like Oblervation made on 
the Comet at ſome other Time, and Place. | 
(leon. I hat is a Point certainly neceſſary, and J ſhall 
give you my own. Obſervations for that Purpoſe, which 
were accurately made the 6th-Day. of May, at Ten in the 
Evening, by meaſuring its Diſtance from two Stars in the 
Back of Ilyara, which you; fee marked with the two Greek 
Vetters u and, and by an Azimuth Quadrant, its Al. 
titude was found about 169, and its Azimuth 379, 8. W. 
from wuvhence you will eaſily find its Place on the, Globe, 
ieee ẽ dino, 
Euphroſ. I ſhall immediately ſet about it. elevate 
the Pole to the Latitude of Lenden. The Sun's Place, 
on the th of May, is 15 35 which 1 bring to the 
Meridian, and ſet the Index to XII. Then I revolve 
the Globe, till the, Index points to X at Night, ——— 


* 
* 4 


The Quadrant of Altitude being fixed for the Zenith, 1 


bring it to the 37“ in the Horizon, from the South to- 
wards the, Weſt.— And, laſtly, under the 16, on the 
Edge of the Quadrant, I put a ſmall Patch, which muſt, 
1 preſume, repreſent the Place of the Comet where you 
faw . | | | +4 
Cleon. It will ſo, as nearly as any Thing can be done 
on the Globe: And you obſerve the Patch is but a little 
above the two Stats juſt now mentioned. 

Eupbroſ. lee it very plainly : But how am I to draw 
the Path of the Comet after all this? | 
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Clem. You muſt know, that the apparent * Path of the 


Comet through the Heavens is pretty nearly a great Circle 


of the Sphere; and therefore, as you have two places of 
the Comet repreſented on the. Globe, by the two Patches, 
if you bring the Centers of both thoſe Patches nicely 
into the Horizon, you may, with a Pencil, draw a Line 
from one Patch to the other by the Horizon, and. that 
will tolerably well repreſent. the apparent Place of the 
Comet, from one Time to the other; that is, from the 
31ſt of March to the 6th of May. | 

Euphroſ. This I will endeavour to do: By raiſing and 
depreſſing the Pole, and adjuſting the Patches towards 
the Horizon, I find the Problem not very difficult. 
I have, at length, brought them nicely to coincide ; one 
in the eaſtern and the other in the weſtern Part of the 
Horizon From the eaſtern Patch, 1 draw a Line by 
the Frame of the Horizon to the weſtern Patch, and it 
ſhews a vaſt Tract of the Heavens, through which the 
Comet paſſed in ſo ſhort a Time, viz. more than 1502, 
which ſhews the Motion of the Comet to have been very 


quick; and I obſerve, it paſſed through the following 


Conſtellations in its Way, viz. by the Tail of Capricorn, 
the Tail of Piſcis Auſftralis, by the Head of Indus, the 
Neck and Bady of Paw, through the Neck of Apus, below 
Triangulum Auſtralem, above Muſca, by the Lowermoſt 
of the Croſiers, a- croſs the Hind Legs and through the 
Tail of Centaurus x; from thence between the two Stars 
in the Back of the Hydra before mentioned; after this, 
it paſſed on to Sextans Uraniæ, and then to the Ecliptic, 
near Cor Leonts, after which, you can better tell what be- 


came of it than myſelf. 


Cleon. Your Performance is excellently good, my 
Through thoſe very Conſtellations, Mr. 
Brown obſerved it to paſs from Day to Day, during the 
Month of April, as appears by his Letter, containing the 


Obſervations which he made, 'and are now publiſhed 


for the Satisfaction of the curious. f, You will eafily 


See the Print of the Comer, Path, taken from the Globe, 
in the Magazine for the Month of May, 1758. 
+ See the Beginning of the Mi/cel/any for the laſt Month» 
5 SS obſerve 
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obſerve ſrom the Whole, that the South Latitude of the 
Comet being fo very great, appears now to be the Reaſon 
why we in England could not fee it in that Month; and 
that it was juſt about the Beginning of May, when it 
emerged again above our Horizon; after which it regaled 
our Eyes with a faint Appearance, *till towards, the latter 
End of that Month, and gradually diſappeared by its 
diſtant Receſs. ——— Thus much will be ſufficient for 
giving you an Idea of the Manner, in which the various 
Phenomena of Comets may at any Time be repreſented on 
the Globe: Beſides which, and the Comelarium heretofore 
deſcribed, you may {till receive a much clearer Inſight 
into the Nature and Motions of a Comet, by conſulting the 
ſeveral Prints which have been publiſhed, with regard to 
the preſent Comet, and particularly that, in which the 
Orbit of the ſaid Comet is elevated, and its daily Motion 
marked out, together with the Ecliptic, divided into. all 
the Months and Days of the Year, which now you are 
very well qualified thoroughly to underſtand “. There is 
yet a, farther Uſe of the celeſtial Globe, that will afford 
you ſome Amuſement; at leaſt it will be neceſſary, that 
+ young Lady of your Taſte fhould not be unacquainted 
with it; I mean, the Solution of thoſe Problems, which 
relate to the Stars, which I intend for the Improvement 
of the next Opportunity. 24 


> 
8 


PDIALOGUE VIII. 


The UsE of the CELESTIAL GLOBE, in the Sol v- 


ION of PR OBLEMS relative lo the STARS. 


3 | Euphroſyne. | | 
Cannot help thinking, whenever I caſt my Eye on 
che Celeſtial Globe, but that it is an amazing Effect 
of Art. He muſt have had a very happy Thought, who 
; = | ltd 


* The Prints, here refarred to, are a View of the Sol An 
SYSTEM and ORBIT of ,1he COMET ; with. its proper Elevation, 

truly repreſenting all its Appearances for any Part of the Year. 
7 he 


 CourTarr WoRrLy diſplayed, S.. 


* * 
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Could firſt contrive to repreſent, in fo natural a Manner, 


the vaſt expanded Canopy of the Heavens, with all its 
reſplendent Furniture, in ſo ſmall a Compals as the Su- 
perficies of an artificial Globe. I have but one Objection, 
or rather, but one hing to remark, and that is concern- 
ing the Form of the Globe. The Surface of the Globe 
is convex z and that of the Heavens concave ; how then can 
one be an adequate Repreſentation of the other? 

Cleon. This is very ingeniouſly obſerved, my Euphroſyne ; 
but you will ſee the Anſwer is very eaſy. I here is no 
Difference, in Reality, between the convex and the con- 
cave Surface, any more than what the Hetaphyſicians call 
Modal, and only exiſts in the Form; the optical Effect 
of viewing any Thing; upon a convex or concave Sur- 
face, is the ſame to an Eye, placed in the Center thereof: 
Suppoſe, for Inſtance, you had a Sphere of Glaſs, and 
your Eye was placed in the Center, it would be the ſame 
Thing, if the Stars were marked with a Diamond on 
the external or internal Part of the Surface, 7. e. on the 
convex or on the concave Side; and it is the fame 
Thing, in regard to the artificial Globe, to an Eye on the 
Outſide of it. For, if that Globe was to have Holes 
pierced through the ſeveral Stars, and the Globe properly 


reQtified for a given Time, an Eye, placed in the Center, 


would view the Stars in the Heavens through thoſe Holes 
reſpectively; each Star in the Heaven an{wering to its 
Repreſentative on the Globe; and therefore the Longitude, 
Latitude, and other Affections of the Stars, may all be 
determined by means of the Apparatus to the artificial 


Globe, and made to correſpond exactly with what we 
obſerved in Nature, or in the Heavens themſelves. | 


Euphroſ. You take a good deal of Pains to inform my 


unexperienced Judgment in Things of ſo ſublime a Na- 


ture: But to come to the Point: Is there any Difficulty, 
ariſing from any different Methods in ſolving Problems, 
relating to the Riſing, Setting, Southing, Sc. of the 


—— 


e Print of the Comet in be Magazine for 1he Mah of 


May, 1758; and the Print, which «ve gave toilluftrate M. 
Brown's Letter in the laß Magazine. | 
See alſo the large Print, intituled, The Wonders of the 


: F 3 Stars, 


* 
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Which ſhall be Ten o'Clock this very Evening. 
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Stars, more than what you have already ſhewn me, in 


| regard to the Sun, Moon, and Planets ? 


Clean. Very little, my Euphroſyne; for which Reaſon 
we ſhall ſoon diſpatch that Affair. You have already 
been ſufficiently taught the Doctrine of the Sphere, and 
the Uſe of the ſeveral Circles, particularly the Circles of 
Latitude, which belong to the Ecliptic; and therefore 
will here need no farther Deſcription ; and, I dare ſay, if 
I require you to aſſign me the Latitude and Longitude, 
the Declination, right Aſcenſion, the Time of Riſing, 
Southing, &c. of any particular Star, you will not need 
my Aſſiſtance for that Purpoſe. For example, you may 
try your Skill with the Star Arcturus; one of the molt 
remarkable Stars of the firſt Magnitude,. in the S#:rts 
of Bovtes, | 

Euphroſ. I am proud of the Taſk you have ſet me, and 
will give you a Proof of my Proficiency in the beſt 
Manner I can The firſt Thing I have to do, I am 
aſſured, muſt be to reaify the Globe for this Place; and 
fince a Star is the Subject, and can be ſeen only at Night, 
therefore ſome Hour of the Night muſt be ſuppoſed, 
And 
now the Globe is rectified for that Lime. And here, I 
ſee, Beootes, with his Caurſers, and conſequently, that 
bright Star Ar furus. I remember you told me, if I 
brought the Pole of the Ecliptic to the Meridian, and 
fixed the Quadrant of Altitude over it; then, if I laid 
the Edge of the Quadrant upon the Phenomenon, (whether 
the Sun or Star) it would give me the Longitude, or Place 
thereof in, or reduced to the Ecliptie.— By doing this, 
T find the Longitude of Arfurus is about 20 of Libra; 
or 200 from the iſt Point of Aries; and that its Lati- 
tude from the Ecliptic is about 30“. Again, if I bring 
the Star fo the Meridian, I obſerve its Diſtance from the 
Equinoctial Line is about 20“ 28?, which is its De- 
clination Northward. At the ſame Time, I obferve 


the Meridian to cut the 2119 9, which is therefore the 
fight Aſcenſion of ArAaurus. | 
Clezn. Admijrably well, my Euphroſyne.—Now for the 
Time of its Riſing, Setting, and Southing, far the preſent 
Day, Auguſt the gth, ES | 3 
Euphreſ. That I will proceed to: Rut fiſt, on” 
. | ES loo 
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look for the Day of the Month on che Horizon, againſt 


which I ſee 16% 30” of Leo, the Place of the Sun this 
Day at Noon, which Point of the EclipticT bring to the 
Meridian, and ſet the Hour Hand to XII. Then I 
turn the Globe, till Ardturus appears in the eaſtern- 
Horizon, and then the Index points out the Time of his 
Riſing, viz. IX O'Clock this Morning. I bring this 
Star to the Meridian, and the Index pointing to Vin the 
Afternoon, ſhews that to be the T ime of its Southing. 
—Laſtly, I turn the Globe, till Arfurus is in the 
weſtern Horizon, and the Index pointing to II, gives the 
Time of its Setting To-morrow Morning. — The 
Amplitude of its Riſing is near '34" to the North; and 
ſo much is the Amplitude of his Setting of Courſe. 

Cleon. You are ſo ready in the Praxis of the Stars, that 
T have little more to obſerve to you on that Head It 
may not be amiſs, however, to hint to you, that, when 
a Star is ſituate between the Ecliptic and the Equinoctial, 
its Latitude may be of one Denomination, and its Decl;- 
nation of another; thus, for Inftance, Aldebaran in the 
Bulls Eye, has South Latitude and North Declination. 
Another Thing I may obſerve to you, and that is; 
there is a Sort of Poetical Aſtronomy with regard to the 
Stars; or, there is what we call the poetical Riſing 
and Setting of the Stars, which was much taken, Notice 
of by the ancient Poets, Hiſtorians, and Huſbandmen, 
(which you will readily obſerve in the Writings of He- 
food, Homer, Ovid, Cc.) as it was the principal Method, 


by which People, in that Part of the World, and in thoſe 


Days, diſtinguiſhed the Changes and Diverſity of the 
Seaſons, Of theſe Riſings and Settings, there were three 
Kinds, as follow. Firſt, the Cofenical Riſing of a Star, 


which is, when it riſes with the Sun 3 but the Go/enical 
| Setting is, when it ſets at the Time the Sun riſes. Se. 


condly, the Acronical Riſing of a Star is, when it riſes at 
the Time the Sun ſets; and the Acronical Setting is, 
when it ſets with the Sun. Thirdly, the Heliacal Set- 
ting of a Star is, when it approaches ſo near the Sun, 
as to diſappear in its Beams; and when it emerges from 
its Beams, or again becomes vilible, then it is ſaid to riſe 
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But theſe Things we ſhall illuſtrate hereafter. To be 
farther inſiſted upon at preſent would be miſpending of 
'Fime, and though you are well verſed in thoſe Poets, 

yet, till you have learned their aſtronomical Diſtinctions 
of the Seaſons, by the Rifing and Setting of the Stars, 
and by the Globe properly conſtructed to ſhew them, it 
will not avail you to have any Examples of this Sort 
to practiſe ; but when you have that, it will apen a fine 
Field for your Phy/ico-Peitcal Speculation, and View of 
diſtamt Limes. | | 
 Buphro/. I will make it my Buſineſs to proſecute 
that particular Part of Study, as I apprehend there will 
be fomething very curious: — But what other. Problem 
am I next to practiſe on the Globe? 

Clean. One other, the moſt conſiderable and enter- 
taining of all, and that is,—to ſhew me the Face of 
the Heavens, or what Stars will be viſible on the F irſt 
Day of Oclober, at IX at Night? 9 5 

e Conſidering the Nature of this Problem, 
J find it is doing but little more than T have done before; 
but as it is of ſo general and curious a Nature, I will 
proceed to it Step by Step. — — Firſt, I rectify the 
Globe to the Latitude of Londen; —— — then the Sun's 
Place for that Day at Noon is 7 30“ of Libra, which 
Point I bring to the Meridian, and ſet the Hour-Index 
to XII.— Then I turn the Globe about, till the Index 
points to X at Night,—and there letting it reſt, I ſee, 
in one View, all the Stars which then appear above 
the Horizon; together with all the Conſtellations in 
which they are contained.— This is a noble Problem, 
Clemicus, indeed! For, as by this, I ſhall be able, on 
the Evening. of any Day, to repreſent the Stars viſible 
for any Hour of the Night, I can very eaſily learn to 
diſtinguiſh the Conſtellations in the Heavens, by thoſe 
on the Globe; at leaſt; 1 ſhall be able to remember, | 
to what particular A/er:/m any Cluſter, or ' Aſſemblage | 
of Stars belong, which I at any Time view in the 
Heavens: Alſo, by this Means, I ſhall imprint in my 
Memory the Idea of all the principal Stars; eſpecially 

thoſe of the firſt and ſecond Magnitude, and ſhall ſoon 
be able to call them all by their Names. f 5 
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Euphroſ. As I am not ſo elear in this Problem, as 
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Clean. This is the grand Deſign and Uſe of the, 


celeſtial Globe, which is, as it were, the Primer of 
Aſtronomy, by which our Youth are inſtructed in the 


_ celeſtial Chatacters, and taught, as it were, to read 


in the ſtarry Heavens —T here are yet other nobler Uſes 
to be made of the celeſtial Globe; one Inſtance J ſhall 
give you in Navigation, the moſt beneficial of all, 


Sciences, which is, to find the Hour of the Night, by 


having the Latitude of the Place, and the obſerved Al- 
titude of a Star given. . 


o 


in ſome. others, I fancy, I had better ſee you perform 


the Thing, than attempt it myſelf, leſt 1 ſhould blunder. 


about it. | 1 4 | | 
Cleon. The Method is very eaſy. T hus :—Suppoſe 


in the Night, following the Firſt of October, a Perſon 


was to take the Altitude of the Star Bellatriz, and find 
it juſt 209 in the Latitude of 51% 30“. Then to find the 
Hour, nothing more is requiſite, than to rectify the 
Globe for that Day and Latitude. — Then, I bring the 
Quadrant of Altitude towards the Star Bellatrix, in the 
Left Shoulder of Orion, (which is in the Eaſtern Hes 
miſphere) and then, moving the Globe and Quadrant 
ſo together, till the ſaid Star comes exactly under the 
30? of the Quadrant. Here I let the Globe reſt ; 
and, if you look at the Index, you will find the Time 
is thereby ſhewn to be Half an Hour after I. in the 
Morning. | 

Euphroſ. By the Manner of your performing this 
Problem, I fee it is very eaſy, and will ſhew the Hour 
of the Night by Land, as well as at Sea; to which 
Purpoſe, I ſhall now and then apply it by Way of 
Amuſement. | | | 
_ Cleon. In all theſe: Problems of rectifying the Globe 
for any particular Time, you obſerve, among other 
Things, the Courſe or Poſition of that remarkable 
Phenomenon, called the Galaxy, or Milky Way, among 
the Stars in the Heavens. for that particular Time. 
Thus, for Inſtance, on the Firſt of October, at X at 
Night, you will obſerve the Galaxy to paſs exactly 
through your Zenith, or over your Head in the Heavens, 
and to cut the Horizon of Courſe at right Angles in 
% the 
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the E. N. E. and W. S. W. Points of the Horizon; 
and it is very rare, that ever you ſee it in ſuch a 
Poſition, as to divide the viſible Hemiſphere into two 
equal Parts; as there is but one other Time of the 
Year in which you can obſerve it. | 
Euphreſ. This is a curious Affair, and I ſhall dili- 
gently attend to ſuch Appearances. One Thing 
farther I have taken Notice of ſince I have been inured 
to the Uſe of this Globe; and that is, that ſeveral of 
the Stars never ſet in our Latitude, but are viſible the 
whole Night; and, on the other Hand,” that ſeveral 
Stars and Conſtellations never appear above our Horizon, 
or are ſeen by us at all. 
Cleon. It is rightly obſerved, my Euphroſyne; and 
the Reaſon 'is evident from the very Poſition of the 
Globe itſelf; fince all thoſe Stars, which are at a leſs 
Diſtance from the North Pole than the Latitude of 
the Place, muſt neceffanily (circulate about the Pole 
above the Horizon, when on the North Part of the 
Meridian; and, on the other Hand, thoſe Stars, whoſe 
Southern Declination exceeds. the Complement of the 
Latitude, can never appear above the Horizon, which 
u well remember in the Caſe of the Comet at our laſt 
terview. | | 
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DIALOGUE Ix. 
Of the PRxckssrod of the Euixox, Mor- 
.TIONS of SEASONS, and the Celeſtial Phæno- 
mena, | reſulting from the retrograde Motion 
of the EAMTH'S Axis about that of the EcLie- 
TIC, illaſtrated by a NEW Consrtructiog 
and Apparatus of the CELESTIAL GLope, 


 Euphroſyne. _ | 
Suppoſe in. the preceding Dialogue you pretty well 
conſidered the principal Uſes of the ſtellated Globe; 
not that I am weary of theſe celeſtial Studies; if any 
Thing 
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Thing farther remains, I ſhall be all Attention to under- 
ſtand it. | | 


Cleon. There is only one Particular more of Conſe- 


quence to be conſidered, which is a Point of a very 


curious and ſublime Nature. I have formerly mentioned 
to you ſomething of this Matter; when I told you, 
that the North Star, whoſe Motion is now altogether 
inſenſible, will, in other Ages of the World, have a 
Motion like the reſt of the Stars, extremely obvious, 
round other Points in the Heavens In ſhort, the 
whole Affair is this; the Globe of our Earth has another 
Motion beſides thole already mentioned, when we diſ- 
courſed of the Orrery, which is properly a conical Motion 
of its Axis about the Axis of the Ecliptic, by which 
Means, the Poles of the World have a Motion about 
thoſe of the Ecliptic. This Motion is retrograde, or 
contrary to the Order of the Signs, and, in Conſequence 
of this, not only the celeſtial Poles, but the Stars that 
are- near them, and, indeed; all that we ſee in the 
Heavens, muſt neceſſarily appear, in Courſe of Time, 
to move forward. This Motion of the Earth's Axis 
backward is, indeed, very flow, being only at the Rate 
of about 50% in a Year, or 1“ in 72 Years; therefore 
to move through 360, or a whole Circle, will require 
no leſs than 25920 Years; and in that Space of Time, 
the Stars will all of them have an apparent Motion quite 
round the Heavens; from whence you will underſtand, 
that thoſe, who live in the different Parts, or Ages of 
this great Period, will neceſſarily ſee the Stars in different 
Parts of the Heavens; for ſince the Place of each Star 
moves forward one whole Degree in 72 Years, the 
Change of their apparent Places will be very evident in 
the Space of one Century, and therefore, from one 
Age to another, the Longitude of the Stars will be 
continually increaſing, till they have completed one 
entire Revolution through the Heavens. 

Euphro/. This to me is a new Doctrine, and as it 
conveys ſuch wonderful Ideas, I ſhall think myſelf ex- 
tremely happy, if 1 can underſtand it by any Means, 
or mechanical Contrivance, applied to the Globe; for 
I obſerve, you have made à Proviſion of that Kind, as 1 
here ſee a Globe with ſuch Appurtenances as are not 
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uſual. or common ; by which, I preſume, you are to 


explain this Phenomenon to me, | 

Clem. That is the Deſign of this new Conſtruction, 
my Euphroſyne.—T here: are ſeveral Ways, by which 
this Motion may be eafily repreſented to you; one is, 
by this new Diſpoſition of the celeſtial Globe; others 
you. will ſee hereafter. —— Fhis Globe is ſo eontrivedy 
that the Poles of the Equinoctial are made to move at 
Pleaſure round the Poles of the Ecliptic, and ſo to 
repreſent the Face of the Heavens for any Time of that 
long Period above mentioned, namely, rwenty-Jix Thou 
ſand Years. —The late Mr. Senex, among many other 
Improvements of the Globe, contrived this principal 
one: By Means of theſe Pieces of Braſs, which you 
ſee on either Side of the Globe; in one End of each 
is a Piece of Iron, fixed and applied to the Braſs Meti- 
dian as uſual, to give the Globe a Motion on the Axis, 
or Poles of the World, —The other End of each Brafs 
Arm is applied to the Poles of the Ecliptic, in ſuch a 
Manner as that itt may be fixed, or moveable, at 
Pleaſure. By this Means, the Poles of the World, 
or of the Equinothal, may be placed in any Poſition 
about the Poles of the Ecliptic; and as they revolve, 
they will deſcribe a Circle of 47% in Diameter, about 
the ſaid Poles in the Ecliptic-—And to make the Idea 
fill more eaſy and familiar to you, I have added to this 
Invention a movable eguinoctial Circle with its Colures, 
and alſo a moveable Ecliptic; whence, by a few Exam- 
ples. of the Uſe of the Globe, thus furniſhed and con- 
ſtruded, you cannot but underftand—how all the Stars 
muſt, have an apparent Motion forward in the Heavens; 
how their Longitudes and Declinations muſt be con- 
ſtantly altering ;—how various the Times of their Riſing 
and Setting muſt; be ;——how thoſe which are viſible, in 
one Age, become inviſible in another ;—the Change of 
Seaſons through all the Months of the Calendar ;—and 
what is uſually called the Preceffion of the Equinrxes by 
Aſtronomers; I ſay, how all theſe great Phænomena 
are produced by this one fimple Motion, you will now 
ſee explained by Example. * wi 
. . Euphroſ. This will give me the greateſt- Pleaſure. 
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Clbeon. The firſt Thing I do is, to looſen the Braſs 
Arms upon the Poles of the Ecliptic, by which Means, 


| you ſee how eaſily I move the Poles. of the World to 


any different Part, from where they now are. I will 
move each Pole one fourth Part, or go? from the Po- 


' Gition they are now in, and there fixing the Braſs Pieces, 


the Globe will revolve on the Poles, of the World in 
the ſame Manner as before, and will exactly -repreſent 
the Face and Appearance of the Heavens for that Time 
to come, or. future Age, which is One-fourth Part of 
the forementioned long Period of Time: (i. e. You 
now ſee the Globe, as it will be rectified by the People 
who live 6500 Years hence.———Here the following 
Particulars. you will obſerve, (1) That the Elevation 
of the Pole is always the ſame, the Latitude: of the 
Place not being at all affected by this Motion; therefore 
I ſtill ſet 51? 3o' of the Braſs Meridian to the Hori- 
zon. (2) You obſerve, that the equinoctial Points, 
by this retrograde Motion of the Pole, has receded from 
the firſt Point of Aries to that of Capricorn; for there 
the moveable Equinoctial intercepts the Ecliptic. (3) 
From thence. you learn, that, at that Lime of the 
World; the vernal Equinox will happen about the 22d 
of December, the Time which is now our Mid- winter. 
(4) That, as the Equinoctial Points have moved through 
three Signs backward; ſo the Stars mult of Courſe 
appear to have moved as much forward; that is, their 
Longitude. will be increaſed go. (5) As the maveable 
Equinoctial now contains an Angle of 34 30“ nearly, 
with the fixed or preſent Equinoctial; ſo the Declination 
of Stars will be much altered thereby; (6) for thoſe 
which had none before, may now have a Declination of 
any Quantity leſs than 34% 3&/. (7) Thoſe Stars, that 
had Seuth Declination before, may now. have their 
Declination North; and the North Declinations may be 
changed to South, Tbus, at preſent, Cor Leonis has 
about 14% North Declination; in that Age its South 
Declination will be greater : the ſame you obſerve. of 
many other Stars, (8) Thoſe Stars and Conſtellations, 
which are now always vilible, will then riſe and ſet. 
Thus Charles's. Vain, or Great Bear, at preſent, never 
goes below, or near the Horizon; but in the diſtant 
| | 8 Ade, 
9 wh 3 : * 
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Age, we are ſpeaking of, it will be got almoſt wholly 
below the Horizon; as you ſee by revolving the Globe. 
(9) On' the Contrary, thoſe Stars, which now riſe 
and ſet, as the Conſtellations, Delphinus, Sagitta, Vul- 
pecula, Andromeda, &c. will then be conftantly viſible. 
(10) The preſent Pole-Star, which has now no ſenſible 
Motion, and is always nearly the fame Height above 
the Horizon, will then appear to circulate round the 
then Pole of the World, and will have a Difference of 
Altitude upon the Meridian, of full 64% 307. (11) 
A Star, or Point in the Heavens, now between the 
Head and Right-hand of Cepheus, will then be the 
North Pole of the World, and appear without Motion. 
(12) Stars, which are now altogether inviſible to us 
in the Southern Hemiſphere, will riſe above the Horizon 
to the View of that Age, Thus Crona Aufiralis, Indus, 
Grus, Phenix, Toucan, Pavo, Ara, and Lupus, will 
then be among the Number of viſible Conſtellations, 
Which are all of them at preſent inviſible to us. On 
the other Hand, Canis Major, great Part of the Hydra, 
Crater, c. will then be inviſible to that Age, which 


are now fo conſpicuous above our Horizon. (13) Ia 


that Age, when the Sun poſſeſſes the fame Part of the 
Ecliptic, 'the ſame Stars will riſe at a very different Time 
from what they now do. Thus, when the Sun is in 


the firſt Degree of Canter, on the preſent Midſummer- 


day, Cor Leonis riſes at about Half an Hour after Eight 
in the Morning; but in that Age, it will rife at near 
Eleven, which will then be the Day of the autumnal 
Equinox. (14) The Amplitudes and Azimuths like- 
wiſe will then be very different from what they are now. 
Thus, at preſent, on Midſummer- day, Cor Leonis riſes 
on the E. N. E. Point of the Compaſs; but, in that 
Age, its Amplitude will be South, near two Points 
and à Half, (15) You will eafily obſerve, from all 
that has been ſaid, that the Seaſons of the Year will 
have changed their Places in the Calendar; for the vernal 
Equinox will be on the 22d of December, Midſummer- 
day on the 21ſt of March, the autumnal Equinox the 


22d of June, and the Middle of Winter about the 234 


of September. Theſe, and many other Particulars, na- 
turally and neceflarily follow from altering the Poſition 
of the Poles of the World, 
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Euphroſ. It is really very wonderful, to conſider 
how many ſurpriſing and important Changes happen 
from ſo ſmall a Cauſe, as one would think that to be: 
I cannot but ſay, thoſe Things are very evident, by 
Means of this Apparatus; but I believe, without at, 
I could never have attained to any diſtinct or clear Ideas 
of ſuch a new and complicated Syſtem of mundane 
Changes ; and from this firſt Example, I can plainly 
foreſee, that, if you remove the Poles of the World 
backward, through another Quarter of a Circle about the 
Poles of the Ecliptic, thoſe Alterations and Changes 
will ſtill. appear much greater than before, with reſpect 
to the Time, Seaſons, Motions, and various Phænomena 
of the heavenly Bodies. oe 

Clean. Indeed they will; and you ſhall fee by my 
removing the Poles: to the Places you mentioned, what 
an Aſpect: the Heavens will have in fo diſtant a Period 
as 13000 Years bence.——=—The Poles are now fixed 
diametrically oppoſite (on the other Side of the Poles 
of the Ecliptic) to the Place they at preſent poſſeſs; 
and now, as the Globe revolves, you fee what ; wonders 
ful Mutations: enſue; for now that very Star, which ia 
our North Pole, and appears fixed, will, in that Age 
of the World, appear to deſcribe: a Circle round the 
then North Pole of 94 Diameter; —— — that it will 
tranſit the Meridian at 8“ 30“ to the South of our 
Zenith, on one Part, and deſcend ſo low as to be within 
52. 30“ of the Horizon on the other. —— be 
Seaſons of the Year are then diametrically oppoſite to 
what they now are in the Calendar; our Midſummer 
day will then be when the Sun enters the firſt Sign of 
Capricorn, and the firſt Degree of Cancer will be farther 
diſtant from the North Pole at that Time, and will then 
be the Winter Solſtice ; Alſo, the Vernal and Autumnal 
Equinoxes will then have interchanged their Days. 
The. Conſtellations. within 23“ 30“ of the Southern 
Pole of the Ecliptic on one Part, will then be viſible 
above our Horizon; as Muſca, Crefters, Apus, Trian- 
gulum Auſtrale, Ac. and, on the other Hand, many 
Stars of the firſt Magnitude will then entirely diſappear 
from our View, as Sirius, the Dog Star, Regel, thoſe 
in Orien's Belt, will be Stars unknown, at leaſt unſeen, 


by 
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by the People of that Age, though, at preſent, they 
thine with the greateſt Luftre in our beſpangled Canopy. 
— There will, likewiſe, be then the greateſt Difference 
in the Declination of Stars; as thoſe; which have now 
23 30! of North Declination may. then have juſt as 
much South ; all which you readily perceive without 
enlarging farther on Particulars. | 2 

Euphroſ. This is, indeed, a moſt noble Invention, and 
muſt certainly be reckoned amongſt the moſt curious Im- 
provements of the Globe. I fee, by this Means, it is 
eafy to repreſent every paſt and future Age to our View, 
with regard to the celeftial Phenomena. I make no 
Doubt, but the Learned can convert ſuch a Docttine as 
this to ſome very uſeful Purpoſes. If there be any ſuch, 
that I could be informed of without too much Trouble, 
1 ſhould be very glad. . 8 

Cleon. The Uſes that are made of this Motion of the 
Earth are ſome of them very conſiderable; for henee you 


learn at once, that, fince the equinoctial Points move 
backward, it will eaſily account for the Motion of the 


Stars' and- Conſtellations forward. Thus, for Inſtance, 
you Tee, upon all the celeſtial Globes, the Conſtellations 
Aries, Taurus, Gemini, Ic. are now removed to the 
Diftance of one whole Sign, from the Signs that bear 
the Names of thoſe. Animals. Thus, the Conſtellation 
Aries is moved forward into the Sign of Taurus, Taurus 
into Gemini, and fo on. {20073 e i 
 Eupbraſ. By this, I ſuppoſe, you would have me under- 
ſtand, that, in ſome Ages paſt, the Vernal Equinox was 
in that Part of the Edliptic where now the Conſtellation 
of Aries is, and that then, the Conſtellation and its Sign 
were both of one Name. Pray, how long ſince may that 
be, do you ſuppoſe? | Ss 
leon It was upwards of 2000 Years ago, at which 
Time Tome great Men, who firſt | obſerved the heavenly 
Bodies, lived ; particularly Hipparchus, from whom we 


learn the Equinoctial Colure pafled not far from the bright 


Star in the Head of Aries. And to gratify your Curiofity, 
as well as to inform your Underſtanding, I have here the 
Copy of a very antique Globe, found in the Ruins of 
amtient Rome, and is now In the Muſeum of the Farnefian 
Palace, as the moſt curious Monument of Antiquity. 
| | j Upon 


4 


8 8 ee a Free 


Sr 


— * 
* * 2. ů — — U—᷑ÿ- ei 9 — — 
vr, * r 
U — 7 5 
dab Sees eget r " 5 
— — 


= === 


* 


rer 
5 
1» 


55 — 
rn | ] 


% 
* ' EG; 


DX) 


—_— —— 


3 
0-52 
—— 


q 
4 


— 
8 = 


TITS oÞ 
— — k 


2 


tunit) 
ſent 
Imag 
repre 
Eſpec 
fition 


lation 


repre! 
Sign, 
is rep 
from: 


AND LADY's PHILOSOPHY. 91 


Upon this Globe, you ſee the various Aſteriſms as they 
were depicted by the Antients, and amongſt them the 12 
Conſtellations of the Zodiac; all of them placed in their 
proper Signs, and near to the Beginning of them. Thus, 
you ſee, the equinoctial Colure paſſing through the right 
Horn and Foot of Aries, not far from the equinoctial 
Point; the ſolſtitial Colures likewiſe paſs through Cancer 
and Capricorn, and not through Gemini and Sagittarius, 
as they now do; and the ſame you obſerve of all the 
„ | 
Eupbroſ. I think, I may truly ſay, this is one of the 
moſt curious Things I ever ſaw.—One may learn from 
hence almoſt -the Age of the Globe. —But I obſerve the 
equinoctial Point is removed backward from the Colure 
which paſſes through the Foot of the Ram, whence it 
ſhould ſeem, that this Globe was made ſome Time after 
the equinoctial Point was in that Colure. Pray, how do 
you conjecture concerning the Age of this Globe? 

Cleon. Probably we may reaſon thus. The equiaoctial 


Colure (paſſing through the bright Star in the Head of 


Aries, and its Foot) appears about 5 from the equi- 
noctial Point on the Globe, which, at the Rate of 50” 
2 Annum, will give about 360 Years from the Time it 
ad that Situation, to the Time the Globe was made. 


—_ —_— 


— 


As very few of our Readers can have the Sight of this 
antique Globe and its Conſtellations, and thereby an Oppor- 
tunity of obſerving the Difference between that and the pre- 
ſent celeſtial Globe, we have thought it proper (to aſſiſt the 
Imagination as much as poſſible) to add a Copper-plate Print, 
repreſenting the Conſtellation of Aries on both Globes: 
Eſpecially, as it will repreſent to the View the different Po- 
ſitions of the equicottial Þ ints, with regard to that Conſtel- 
lation; for in Fig. I. of this Plate, the Poſition of Aries is 
repreſented, as it appears on the antique Globe, in its proper 
Sign, near the Equinox; but in Fig. II. the ſaid Conſtellation 
is repreſented, as it appears on the modern Globe, removed 
from its own Sign into that of Taurus more than 30 from the 
equĩnoctial Point, by which a clear Idea of the Receſſion of 
the Equinox is plainly exhibited to the View; and this we 


thought neceſſary ſhould be done, as it is a Subject of the 


reateſt Importance and Conſequence in the Sciences, (Ses 
ate XXXVI.) * „ Lo 
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which they lived. 7 5 | 
Eupbroſ, This being a Thing of ſo curions a Nature, 
and . what, I apprehend, I can perform myſelf on the 
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The bright Star of Aries is now not quite 20% from the 
preſent equinoRial Point; this Point has therefore pro- 
bably receded through 259, fince the Time this Globe 
was made; but -25% reduced to Time will give 1800 
Years for the Age of the Globe; ſo that it ſeems pro- 
bable, this Globe was made about 40 Years before Chris: 
to which if we add the 360 before mentioned, it will 


give 400 Years before Chri/t, for the Time in which the 


faid Colure paſſed through the bright Star of Aries; 
but in ſuch Computations we muſt not ſtand for a few 
Years. 7 | 2 

Eupbroſ. You not only ſhew me theſe wonderful 
Things in Theory, but confirm them by real Facts. 
This antique Globe is itſelf a war moe Taree of all 
your aſtronomical Theory of the retrograde Motions of 
the equinoctial Points, and the mutable Phænomena of 
the Heavens depending thereon. Are there any other 
Uſes to which this Aﬀair may be applied ? 5 

Clean. Ves; very great Uſes in Chronology; when 


vou are dextrous in the Uſe of this new conſtruced 


Globe, you will be able, pretty nearly. to give a Gueſs 
at the Diſtance of Time in which any Poet or Hiſtorian 
lived, whom you find mentioning the Riſing and Setting 
of the Stars, the Places of the Equinoxes, Solſtices, Sc. 
becauſe you have nothing to do but to alter the Poſition 
of the Poles of the World, till the Globe, by its Revo- 
lution, ſhall give the-ſame Time of the Nifing and Set- 
ting of thoſe Luminaries, and then the Diſtanee between 
the preſent equinoCtial Point and that on your Globe, fo 
rectified, will, when turned into Time, give the Age in 


Globe, when I have ſeen the Proceſs by you, I don't 
know any Thing would be more highly grateful than 
your illuſtrating this Matter by an Example 
Cleon. It muſt certainly afford you a pleaſing Satis- 
faction, to know, from your Globe, the Age, or Time, 
in which any of our celebrated Heroes of Antiquity lived, 
and how the Face of the Heavens appeared to them; and 
that you may thoroughly comprehend the Thing, I ſhall 
give you for a Problem, to determine the Age and Time 


7 
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of Heſiod, ſrom a Paſſage in his Poem, wherein he de- 
ſcribed the acronical Riſing of the Star Arcturus, in the 
following Lines: 

I hen the glad Sun, approaching with his Rays, 

Has from the Tropic run out ſixty Days; 

Arcturus, ri/ing from his facred Bed, 

1s firfl diſcover d in his Eu'ning's Shade, 


From theſe Lines it is evident, that in Heſd's Time, 
when the Sun had paſſed the Winter Tropic, by the 
Space of 60 Days, and was then of Courſe in the Be- 


ginning of the Sign Piſces, the Star Arcturus was riſing 
in the Eaſt at Sun-ſet. But in the preſent Age, if 
you take the common Globe, and rectify it for the Lati- 
tude of Aſcra, the Birth Place of Heſiad, in Greece, whoſe 
Latitude is about 38“, you will find, when the Sun has 
Juſt entered Piſces, and is ſetting in the weſtern Horizon, 
that there is no Appearance or Riſiag of Arfurus in the 
Eaſt ;—but that Star will appear then at a great Diſtance 
below the Horizon, and riſes not to the - Inhabitants of 
Ereece till near three Hours after Sun-ſet, on the 20th of 
February in the preſent Age *. e 


— 


Apparatus of the celeſtial Globe, I thought it would be very 
acceptable to the ingenious Reader, to have a View of the 


celeſtial Globe, as conſtrufted with the ſaid Apparatus of 


moveable Poles, Ecliptic, Equino@ial, and Colures, rectiſied 
for the Age and Bir h-place of Heſod, - agreeable to the above 
mentioned Example. In the 41ſt Eig. of this Plate, is repre- 


ſented a View of the eaſtern Hemiſphere of the Globe, ſhew- © 


ing Ardturus rifiog in the North-eaſt Part of the Horizon, and 
in the 2d Fig. is a Repreſentation of the weſtern Hemiſphere, 
ſhewing the Setting of the Sun at the ſame Time that Ar&urus 
riſes; both theſe together exhibit a View of the Conſtellations, 
ſuch as they appear on the Surface of a Globe, 3 Inches in 
Diameter; and the Reader will farther obſerve, that the 
Circles repreſented by two black parallel Lines are the Colures, 
Ecliptic, and Equinectial, as they were poſited on the Globe 
in Heſod's Time; but the double dotted Line ſhews the 
Equinoctial, as it is now placed on the preſent Globes, and 
the ſingle dotted Lines |ſhew our preſent Tropics, By this 
Means, the Reader will eafily perceive the Difference between 
the Poſitions of the great Circles of the Globe at thoſe two diſ- 
tant Periods of Time, and conſequently, will thereby hecome 


more eaſily inſtructed in the Rationale of the above Praxis, or 
Uſe of this new conſtructed Globe. | 


2 & 8 Eupbreſ. 
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* As there has never yet been any Print of this new. 
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Eupbroſ. All this I plainly underſtand from the Uſe of 
the common Globe.—l muſt readily infer from thence, 


that ſome Alteration muſt be made in the Diſpoſition of 


the Globe, that ſhall ſnew that Star riſing in the Lati- 
tude of Greece, when the Sun is ſetting in the Beginning 
of Piſces. —Let me have the Pleaſure of ſeeing how that 
3s performed. | | 8 
Cleon. As many Ages have paſſed ſince Heſiods Time; 
and, ſince, I have before ſhewn, that, in every 72 Years, 
the equinoCtial Points go backward one Degree, you will 
find no Difficulty of underſtanding that, in order to 
repreſent the Face of the Heavens for any Time paſt, 
the ſaid equinoctial Points muſt be moved forward, at 
the Rate of one Degree for every 72 Years, till you arrive 
at the Time propoſed ; and by this Means, the Phzno- 
mena of any Age deſcribed may be ſoon repreſented ; 
| fince, by moving the equinoCtial Points, and thereby 
iving a new Poſition to the Equator, and Signs-of the 
5 will at length find them ſuch as will ex- 
actly anſwer to, and ſolve the Appearances mentioned.— 
Thus, you ſee, I looſen the Braſs Arms upon the Poles 
of the Ecliptic, and gently revolve the Globe about them, 
till fuch Time IT have made the Equinoxes advance for- 


ward in the Ecliptic to about 65 of Taurus,—and there 


ſcrewing the Poles faſt, and rectiſying the Globe for the 
Latitude of Aſcra, 389, and bringing the Sun's Place in 
the Beginning of Piſces to the weſtern Horizon, if you 
caſt your Eye on the Eaſtern Side, you will ſee Arcturus 
riſing; and as this is the very Thing which Heſiod affirms 
he ſaw, it is evident that this was the proper Diſpoſition 
of the Globe; or, that the Poles of the World, the 
Equator, the Equinoctial, and the Ecliptic, had the ſame 


Poſition then, with regard to the Stars in the Heavens, 


as you now ſee they have to thoſe on the Surface of the 
preſent Globe. 


Euphroſ. 1 obſerve all that you mention with the higheſt. 


Satisfaction, and am readily convinced, that the Face of 
the Heavens, now. repreſented, is the ſame that was in 
Heſioad's Time. —But how do you infer from thence, the 

Number of Years that has ſince elapſed ? | 
Cleon. Very eaſily ;/ becauſe you will obſerve, the 
equinoctial Point has been moved forward from the 
| Place 
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Place where it now 1s, in the Beginning of Aries, through 
30 and 15“ into Taurus, and for every Degree we muſt 
allow 72 Years; therefore 364 Degreus will give 2600 
Years, which is the Diſtance of Time from hence, that 
Heſiad lived, which was therefore 840 Years before the 
Chriſtian ra; which makes him contemporary with 
Jebu, King of ſrael, and Jonab the Prophet, according 


to our beſt Chronologers. 


Euphreſ. Well! this is a moſt delightful Solution and 


Diſcovery to me. I little Fought any ſuch. Uſe could 


have been made of the Globe, I can ſcarce help fancy- 
ing myſelf living at that Time, as every Thing appears 
to me in this. artificial View, as it did to them in 
Reality. | 

Cleon. By another Paſſage from ZHefod, you will find 
this Diſpoſition of the Globe farther confirmed, to an- 


ſwer the Appearances of his Time. He fays, or rather 


lings, 
| . But when Orion and the Dog- ſtar come 
To the Mid-region of the heav'nly Dome, 
The Morn, that bluſhing draws away the Night, 
Beholds Arcturus in the dawning Light. | 


From whence it is plain, that in Hefiod's Days, when i 
the three bright Stars in Orion! Belt were upon the Me- 


ridian, Arcturus then appeared in the eaſtern Horizon ;— 
and juſt the ſame Thing you ſee upon the Globe. 
The Conſtellation of Orion is on the Meridian, the 
Dog-ftar near it, and Arfyrus upon the North-eaſt Point 


of the Horizon, all exactly anſwer to Heſod's poetical 


Delineation.— I migbt farther inſiſt on thoſe uſeful 


Problems, by pointing out the particular Seaſons of the 


Years, with regard to the Stars, as deſcribed by He/iod 
and other Poets. Thus in another Part of Heſd s Poem, 
we find the following Lines ; - | 1 

Begin the Harveſt as the Pleiads riſe; 


And take the Plaugb, when they withdraw the Skies 3 


For forty Days and Nights their glimm'ring Light, 
Obſcur'd to us, no longer chears the Sight. | 
Here we have a beautiful Deſcription of the Heliacal 


Riſing and Setting of theſe Stars, and ſhews how dif- 


ferent their Plowing and Harveſt Seaſons were from our's. 


In like Manner, _ other Illuſtrations of poetical 
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. Paſſages and Deſcriptions, from ſuch an Apparatus of 
14 the celeſtial Globe, may be derived. — Thus, for e 
4 when Virgil tells us in his Georgics, 
| Around our Pole the ſpiry Dragon glides, 

And like a winding Stream the Bears divides ; 

The Leſs and Greater, who, by Fate's Decree, 

Abhor io dive beneath the Northern Sea. 

Now theſe Lines are much more properly applied to 
the Dragon and Pole:ſiar in Virgils Time than in our 
own; becauſe the Dragon did then, in ſome Meafure, 
encompaſs the Pole, and divide the Pole from the Greater 

Hear, as you eabily ſee, by rectifying the Globe for the 
Time of Virgil, which was about . Years ago; at 
which Time, the Equinoxes were in 23% of Aries, and 
gave the +North-ſtar that Poſition, with regard to the 
Bear and the Dragon, which he mentions; but in our 
Age, the North Pole is ſituated entirely Without the 
Folds or Windings of the Dragon's Tail; nor is it now 
between the Leſſer and the Greater Rear; as it was very 
exactly in his Days. I muſt leave you to improve in this 
11 , Jo ſublime a Praxis on the Globe at your Leiſurę, hav- 
| | ing faid enough, I am” well affured; to give you the 
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general Rationale of Procedure in all ſuch Cafes; and 
Hall conclude with the Words of an eminent Author, 
if | , which ate as follow : gut the Inſpection of the Globe, 
= hen it is fixed in a proper Poſition, will convey the 
= e beſt Idea of all theſe Appearances; for we derive this 
4 % Advantage from the new Conſtruction of it, that it 
| : is vill enable us to place the ſeveral Phænomena before 
i | c every Eye; by which Means, thoſe who have the 
ö 

N 


ER 22 


<<. Jealt Acquaintance with theſe Studies, muſt be greatly 
5 ſurpriſed, and pleaſed, to obſerve the antient Accounts 
j «© minutely. verified; it is '# Sort of living over again 
1 * ce the former Ages, allowing 1 237, 30% for every 100 
it | «© Years, according to Flamſtead.“ 1 ſhall not now 
ſuggeſt ſome other Purpoſes that might be-ſerved by this 
Method. It is ſufficient, to recommend the Invention, 
that it throws; ſo much Light on the common Claſſics, 
| and anſwers: ſuch very great Furpoſes in a 
| ; Hiſtory, and e | | 
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"DIALOGUE X. 


Of the DESCRIPTION and Us E of the 
TERRESTRIAL GLOBE, | 


10 Euphroſyne. | - 
Ms the manifold Uſes of the Cele/ial Globe, which in 
our former Converſations you have been ſo good as 
to make me acquainted with, have ſo much enlarged the 
Ideas of my Mind, and given me a rational Delight and 
Improvement, ſo much beyond my Expectation, I gladly 
embrace the preſent Opportunity of continuing ſuch uſe- 
ful Speculations, though on a different Subject from the 
former. We now deſcend from the ſpangled Heavens to 
contemplate the variegated Figure of the Earth, and to 
obſerve the Analogy between the real Globe on which 
we live, and that artificial one, in Miniature, which I 
ſee here on the Table. 1 . 
leon. The preſent Minutes will, I hope, afford you a 
pleaſant Survey, as well as compendious View of the 
ſeveral Parts of our Earth, exhibited on the Surface of 
this terreſtrial Globe; and the firſt Thing that I think 
proper to obſerve to you here, is, the Form of it. 
Euphroſ. The Form, I preſume, will not require much 
— be ſaid of it, as it is evidently of a round, or ſpherical 
r l 4 4 
Clem. It is ſo, indeed, with reſpect to the artificial 
Globe, you here ſee, which is as perfectly ſpherical as 
Art can make it. But you are not to ſuppoſe, that 
the Figure of our Earth is, therefore, ſo too; for this is 
found, by Experience, to differ conſiderably from the 
Figure of a Globe; in other Words, the Diameter of 
the Earth, at the Equator, "exceeds that confiderably 
which paſſeth through the Poles, as I ſhall farther ob- 
ferve to you by and by; fo that the true Figure of the 
Earth is, what the Mathematicians call a Spheroid, and 
EFuphroſ. How then can this artificial Globe be an 
adequate Repreſentation of the natural One, Cheonicus ? 
Or, why do you repreſent 8 Spheroid by a Spbere? 
1 Pr I 4 : f 44> £2 - 
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Cleon You will eaſily ſee the Reaſon of that, when 
you conſider, that the Difference of 70 or 80 Miles is 
conſiderable between the Diameters of the Earth, whoſe 
Dimenſions are nearly 8000 Miles; but altogether incon - 
ſiderable and imperceptible in the ſmall Dimenſions of a 
SGlobe, whoſe Diameters exceed not 20 or 30 Inches.— 
Tis true, if Gentlemen, who are poſſeſſed of large 
Fortunes, were diſpoſed to expend thoſe Sums of Money 
this Way, which are oftentimes, with great Profuſion, 
laviſhed away on many _ uſeleſs Subjects, we might then 
expect to have Globes of ſuch a Size, as might ſenſibly 
. repreſent the Difference in Diameter, or the true ſphe- 
_ roudical Figure of the Earth. For this Purpoſe, a Globe, 

ten Feet in Diameter, would ſuffice: On ſuch a Globe, 
you would obſerve the Ifland of Great Britain have a 
different Poſition, with regard to its Diftance from the 
Equator, than what it would have if the Globe was 
truly ſpherical : — But theſe large Globes we can- better 
ſuſtain the Want of, as their Uſe is, in a great Meaſure, 
ſupplied by Maps, or Projections of ſome particular Parts 
of the Surface, as we ſhall hereafter ſee; and, at the 
Tame Time, ſhew, that though the Neglect of the true 
Figure of the Earth be excuſable in Globes, it is, never- 


ttheleſs, unpardonable in Maps, where it may be ſo eafily 


provided for, and where the Poſition, Diſtance, and Di- 
menſions of Places ſo evidently require it. 2 


 "Euphroſ. I muſt ſtay till then for farther Inſtructions 
in that Point — As to the Dimenſions of the Globe, I 


think, you obſerve, it is near 8000 Miles in Diameter; 
but, pray, how do you find that by Experiment? 


Cleon. In this Manner, my £Zuphreſyne. —If the Earth 


were a perfect Plane, you might go ever ſo far North or 


South, without obſerving any Alteration in the Height of 


the Polar Star above the Horizon but if the Surface of 
the. Earth be of a ſpherical Form, you move in the Arch 
of a Circle, and, as you move, your Horizon will move 
through an equal Arch in the Heavens.—If you move 
northward, your Horizon will deſcend below the North- 
ſtar, and therefore that Sta will appear to riſe above your 
Horizon; but, if you go directly South, your Hori- 


zon will deſcend in the ſouthern Part, and riſe in the 
northern Part; fo that the Diſtance between the 1 7 
| | ſtar 
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ſtar and the Horizon will be thereby leſſened, and this 


will be the Caſe every where.—Laltly, it is found, by 
Experience, that, if you go 69+ of our Engliſ Statute 
Miles directly towards the North or South, you will 
elevate or depreſs the Polar-ſtar juſt one Degree; and 
fince there are 3609 in the whole Circumference, it 
will produce 25020 Miles, for the Dimenſions of a great 
Circle on the Surface of the Earth, from whence its 
other Dimenſions may be eaſily deduced. ny 
Euphroſ. What you have ſaid, in regard to the Di- 
menſions of the Earth, I can underſtand, without try- 
ing ſuch a tedious and fatiguing Experiment. And 
can, at the ſame Time, perceive the Reaſon why the 
Globe is thus moveable in the Horizon ; books the 
Pole-ſtar is, by this Means, elevated or depreſſed, ac- 
cording to the different Part of the Globe, in which we 
are ſuppoſed to be.—And from thence too, I infer, that 
the Diſtance which I am from the Equator mult neceſ- 
farily be equal to the Height of the Pole-ſtar above the 
Horizon, meaſured in Degrees; for, if I ſuppoſe myſelf 
at the Equator, then, of Courſe, my Horizon will paſs 
through both the Nofth and South Poles; and, if I am 
ſuppoſed to be placed juſt under the  Pole-ſtar, then my 
Horizon coincides with the Equator ; and conſequently, 
wherever I am poſited upon the Surface of the Earth, 
the Arch of a Circle, which meaſures my Diſtance from 
the Equator, muſt be equal to that which meaſures the 
Height of the-Pole-ftar above the Horizon. 2 
. Cleon. Tour Ideas are all very right, in regard to 
that Aﬀair.——The Latitude of the Place is your 
Diſtance from the Equator, which, being always equal 
to the Elevation of the Pole, is the Reaſon why, when 
you reCtify either Globe, you place the ſame Degree on 
the North Part of the Meridian to the Horizon, as ex- 


| preſſes your Latitude from the Equator on the South 


Part; and as you are already acquainted with the 
Nature and Uſes of the various Circles, I need only 
juſt obſerve to you here, that, with regard to the Hori- 
zon, there are but three different Poſitions of the Sphere, 
viz, The Firſt is, a Right Poſition. viz. when the 
Poles are in the Horizon, and the Equator and Parallels 
are perpendicular thereto, or interſected at right 3 
| bs & 
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Such a Poſition of the Sphere have all thoſe who lire 
under” the Equator. —Hecondly, a Parallel Poſition of 
the Sphere is, when' the Equator coincides with the 
Horizon, and the Parallels ef Latitude are, of Courſe, 


parallel thereto : Such a Poſition of the Sphere you 


would have, if you were fas you juſt now ſuppoſed 
yourſelf to be) placed under the Pole. Thirdly, 
the Obligue' Poſition of the Sphere is that alone which is 
worth conſidering, as being general to all the Inhabitants 
of the Globe, except thoſe before mentioned; and is 
ſo called, becauſe of the oblique Poſitions of the Equa- 
tor, and its Parallels to the Horizon. But on theſe 
Things there will be no Occaſion to enlatge to l.. 
Eupbreſ. You” make me a Compliment, Cleonicus;— 
but though it be true, theſe Things are not difficult to 
be underftovd, aud are almoſt obvious by Infpection; 
yet a few of your geographical Definitions reſpecting the 
Thang ok the Earth, and the Diviſion of the Globe 
into Land and Water, will not be amiſs, as Pam now 
. to form a fegular Idea of this Science. I ſhall leave 
you, therefore, to proceed in that Method Which Jou 
Judge beſt for my Information 

"Chon. You may always depend on my doing that; 
and in the firſt Place, it. will be neceffary to obſerve, 
that the Surface of the Glôbe is divided into five Parts, 
or Zones; viz the Torrid Zone, the two Fenperate Torits, 

and the two Frigid of Frexen Zones,” 
I. The Torrid Zone is ſo called, from the e bite 
being, as it were, torriſied, or ſcorched with the Sun's 
Heat; for this part of the Earth is alt that, Which lies 
between the two Tropics of Cancer and Capricorn; and 
over which, the Ecliptic Line is obliquely poſited '; from 


whence ydu will eafily obſerve, that the Inhabitants of 


this Zone will have the Sun perpendicularly over their 
Heads two Days in the Year, in paſſing from Tropie to 
Tropic, in each Half of the Ecliptic. 
Eupbroſ. I readily underſtand you, and I farther 
obſerve, that ſuch People as inhabit 7) Zone, may, in 
ſome Senſe, be faid to have two Summers; for fince the 
Sun, twice in the Year, paſſeth over them, thoſe two 
Days, in which the Sun is in the Zenith, will be their 
T_T Days, un” the two. Tropical GA” -x 
thole, 


theſe 
a8 yo! 
of thi 
North 


Diſta 
perien 
are ne 
one n 
reckor 
Earth 
of E U 
Tempe: 

Lug 
on ma 
Our 8. 


Beams 


Compl 


AND LADY*s PHILOSOPHY. 91 


Rom in which the Sun will recede to the greateſt 
iſtance ſrom them, and therefore may be called their 
Mid. winter Days. | * 
Cleon. At the ſame Time too, you will underſtand, 
that, when the Sun is vertical to them, they can, at 
Noon-day, have no Shadow; in which Caſe, they were 
anciently called by the Greets, Aſcii, which imports the 
fame Thing. But, at other Times of the Year, they 
have their Shadows falling North or South of them, 
according to the Place of the Sun in the Ecliptic; and 
they are then called the Amphiſcii.—Alſo it may be ob- 
ſerved, that only thoſe People, who live juſt under each 
Tropic, have only one Mid. ſummer, in which the Sun 
is vertical, or over their Heads; they have alſo one 
5 only, viz, when the Sun is in the oppoſite 
ropic. 4 MTS 
Hasbro I find, from what you ſay, that the Seaſons 
of the Year very much depend on the Situation of the 
Inhabitants, in regard to thoſe Zones; pleaſe, therefore, 
next to ſhew me how they are circumſtanced, who live 
in the Temperate, Zones. 1 7% | 
Cleon. The., Temperate Zones, are all thoſe Parts of 
the terraqueous Globe, which lie between the Tropres 
and Polar Cireles, and (conſequently, there is one of 
theſe in the northern and another in the ſouthern: Hemiſphere, 
as you ſee, they are eaſily diſtinguiſhed on the Surface 
of the Globe.—As we ourſelves are Inhabitants -of the 
Nerth Temperate Zone, we find the Seaſons of the Year 
in a temperate Degree; our Summer Suns are at a 
Diſtance from our Zenith, and we do not therefore ex- 
perience the greateſt Force of his Beams. — Again, we 
are never. without his enlivening Influence the Space of 
one natural Day; ſo that, upon the Whole, we mult 
reckon our Situation the beſt that the Surface of the 
Earth can afford; eſpecially, the Paradifiacal Situation 
of England, which is in the moſt temperate Part of the 
Temperate Zone. | 
Eupbroſ. I have always thought, that England was, 
on many Accounts, a favourite Country of Providence. 
Our Sex have particular Reaſon to think ſo. The ardent 
Beams of the oy on the one Hand, in regard to our 
Complexion, would be very unfriendly ; and the _ 
: ; 1 5 he ; o 
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of remotes Climes would by no Means ſuit the Tenderneſs 
and Delicacy of our Nature ;' moſt bliſsful, therefore, is 
our Department on the Britiſb Iſles. 

Cle;n. It was an ancient Obſervation, that we ſhould 
think ourſelves almoſt too happy, if we were thoroughly 
ſenſible of all the comparative Benefits we enjoy above 
other Inhabitants of the Earth. Since the Noon-tide 
Shadows of the Inhabitants of either Temperate Zone fall 
always one Way, they have been ufually called by Geogra- 
phers Heteroſcii.— By revolving the Globe upon its Axis, 


you will ſee, that by far the greateſt Part of the habitable 


Earth is fituate in theſe two Zones. 

EZupbroſ. The very Name of the Frigid Zone is enough 
to make one ſhudder. — Their Situation, diſtant from the 
Sun, muſt prove them a hardy Race of Mortals; and yet, 
J have heard, there are ſuch to be found within a few 
Degrees of the Poli. 

Clean. You mean the North Pole, my Euphroſyns; for 
about the South Pole, no Land has been yet diſcovered 
within the Polar Circle, as you will ſee, by caſting your 
Eye upon that Part, and turning the Globe about at the 
ſame 'Time.—As theſe Circles circumſcribe each Pole, at 
the Diſtance of 23? 30“, (the ſame Diſtance as the 7 _ 
lie from the Zquater) it will follow, that, when the Sun 
is in the ſauthern Tropic, it will be go? diſtant from the 
North Polar Circle, and confequently, all that Space, 
contained within it (improperly called the Zone) will be 
entirely bereft of the Sun-beams for one Day, or involved 
in Darkneſs.—Alfo, as the Sun advances from Capricorn 
to Aries, the Parts within the Polar Circle will be more 


and mere enlightened, and of Courſe, the intenſe Cold, 


occaſioned by the great Diſtance of the Sun, while in the 
ſouthern Parts of the Ecliptic, will abate by Degrees, or 
become leſs ſevere. — As the Sun advances from Aries to 
Cancer, it will appear to the Inhabitants of the Polar Re- 
gions to be wholly above the Horizon, as you gradually 

wi from the Polar Circle to the Pole.—And, when the 


un is in the ol wo of Cancer, the conſtant Heat, upon 


all thoſe Parts about the Poles, will be exceſſive great; 
and thoſe Parts of the Earth that are coldeſt, at one Time 
of the Year, will alternately be hotteſt at another, — 
But, upon the Whole, the Effects of Cold are more 
| 6 n Adaurable 
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durable and prevalent than thoſe of Heat ; and therefore, 
theſe Parts of the Earth ſtill deſerve the Epithet, or Title, 


which they bear. — The Inhabitants, who live in theſe 


Circles, have their Shadows fall all around them, when 
the Sun ceaſes to ſet in their Latitude, and therefore were 
anciently called the Periſcii. 

Euphroſ. What other Geographical Diſtinctions have 
you with regard to the Inhabitants ? | 

Cleon. Thoſe which follow: (1.) Such as live diame- 
trically oppoſite to each other are called AnTipopes, as 
they are 1809 diſtant from each other. The Times and 
Seaſons will be contrary to each, i. e. when it is Noon 
to one, it will be Midnight to the other; and when it is 
Winter to one, it will be the Summer-Seaſon to the 
other. They have the ſame Latitude ; but one is North, 
and the other South : All which is evident, by viewing 
any two ſuch Places on the Surface of the Globe. (2.) 
Thoſe, who live in two oppoſite Points of the ſame Parallel 
of Latitude are called PERIzci. They have the ſame 
Length of Day and Night, the ſame Seaſons of the Year, 
and, when it is Noon to one, it is Midnight to the other. 
This likewiſe is evident on the Globe. (3.) They who 


live under the ſame diurnal Meridian, but in two different 


Parallels, equally diſtant from the Zquater on either Side, 
are called AN TCI. They have the fame Noon-tides, 
but differ in all Things elſe: The Nights of one are 
equal to the Days of the other; and, when it is Sum- 
mer with one, it is Winter with the other: All which 
Particulars are too eaſily obſerved on the Globe to need 
any farther Account. | 
Euphroſ. Theſe Things I ſhall make myſelf very well 
acquainted with by a little Practice. Is there any Thing 
farther for me to know by Way of Definition. 1 
Cleon. It may be proper juſt to mention, that there is a 
Diſtinction of the ſeveral Parts of the Earth, under the 
Title of CLIMATES. The Geographers call that Part of 
the Earth, contained between two Parallels of Latitude, 
a Climate, in which the Length of the Days differs by 
Half an Four, of which there are of Courſe 24, on each 
Side of the Equator, all of a different Breadth from each 
other; for, according to the different Qbliquities of the 
Sphere, the Differences of Latitude will be unequal among 
| them- 
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themſelves, that ſhall produce equal Differences in. the 
Length of Days. This is a Point, in which you will be 
eaſily ſatisfied, by a little Practice on the Globe; and 
particularly, you will obſerve the Extent of each to be, 
as ſpecified in the following Table, in the lower Part of 
which, you will find the Climates are differenced by the 
Space of a Month in the Polar Circles, of which there 
are ſix from the Circle to the Pole. | 


| POL AR CIRCLES. | 
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Euphroſ. If I underſtand this Matter right, I find, by 


the Table, that the firſt Climate ends at 89 25, and, of 


Courſe, is 89 25” broad; alſo, that the 10th Cimare ends 
at the Latitude of 54?.27', and its Breadth is 29 297; and 
becauſe 10 Half Hours make 5 Hours, theſe added to 12, 
make 17 Hours, for the Length of the Day, where thar 


Climate ends, as ſhewn in the 2d Column. 


Cleon. You have a very clear Conception of this Affair, 


which, in itſelf, is of no great Conſequence; but, as we 


uſually ſpeak of the Climes, or Climates, of different 


Countries, it is proper, that every one ſhould have ſome 


geographical Idea or Notion of the Thing. 
Euphroſ. You juſt now mentioned the geographical 
Deſcriptions of Land and Water. Theſe, I ſuppoſe, 


come next in Order; and, in the firſt Piace, pleaſe to Jet 
me know the Diviſion, or Diſtinction of thoſe Parts you 


cali Land. 


Clean, It is cuſtomary with Geographers to make a 
Diſtribution of the Land into the following Claſſes. 


(..) Of ContTivneNnTs, which are the large Tracts of 
Land, including many Kingdoms and Countries, not 
any where ſeparated by the Sea, of which we may reckon 
five ; namely, Europe, Aſia, Africa, North Amerita, and 
South America. | 

(2.) Of IsLanvs: Theſe are Tracts of Land every 
where environed with Water; ſuch as you ſee here on the 
Globe, viz. the Iſland of Great Britain, Madagaſcar, 
Sicily, Borneo, Nova Zembla, &c. My. 

(3-) Of PeNinsSULAS: Theſe are Tracts of Land 
ſurrounded by Water on every Side, but one ſmall Part, 
which joins it to the Continent. Thus, you fee, on 
the Globe, the Country called Morea, joined to Greece. 
Thus you ſee alſo, Africa is a Sort of Peninſula, joined 
to. Aſia, by a narrow Tract of Land, between Egypt and 
the Red Sea. B | | 

(4:) Of IcTHMUsEs: Theſe are the narrow Necks of 


Land, by which the Peninſulas are connected with the 


Continent: As the 1/hmus of Corinth, which joins the 

Morea: to Greece, as you ſee on the Globe. 5 
(5. ) Of PRomoNTORIEs :- Theſe are large Heads or 
Capes of Land, which ſtand out into the Sea; ſuch as 
the Cape of Good Hope, in Africa; Cape Horn, in Ame- 
- Tic; 
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rica; Cape Finiſterre, in Spain, &c. which readily ſhew 
themſelves on the Globe: And theſe are all the great 
Forms of Land, the Surfaces of which are diverſified 
with high and low Parts, commonly called Hills, Moun- 
' tains, Vales, Sc. of which there need no Deſcription, as 
ou have fo lately read an Account of the Alps, of Mount 
eſuvius, and of the Pike of Teneriff, which are the moſt 
remarkable in the World. 
Eupbroſ. Theſe Subjects afford me the higheſt Pleaſure, 
even while I am a Novice in Geography. But, when I 
become better acquainted witn the Science, the Delight 
in Reading will increaſe in Proportion : Therefore, next, 
pray tell me what are the Diviſions of Water, which I 
fee covers ſo great a Part of the Globe's Surface ? 
Clien. The Proportion of Water to that of Land, is 
much about three to one; or, in other Words, three 
Parts in four of the whole Surface of the Globe are 


covered with Water, which are divided into the following 


Denominations. 


(.) Oceans : Theſe are the vaſt Collections of Wa- 
ter that ſurround the Continents, and receive different 


Names, according to the different Parts of the World, in 
which they lie: As the Eaſtern, or Weftern Ocean, &c. 
the Indian, or German Ocean, according to the Countries 


they are contiguous to. 1 ' | 
(2.) SEAS: Theſe are ſuch Parts of the Ocean as he 


between ſeveral Iſlands, or Parts of Continents, as the 


Alediterranean, the Baltic, the Red and M hite Seas, &c. 


Alſo, thoſe great Collections of Water, entirely ſurrounds 
ed by Land in the Continents, are called Seas, as the 
Euxine, or Black Sea, the Caſpian Sea, &c. | 
(3.) LaKEs: Theſe are any ſmaller Collections of 
Water on the Land ; ſuch as you here ſee on the Globe, 
viz. the Lake of Geneva; and particularly thoſe tine, 
large, remarkable Lakes above the River St. Lawrence, in 
Canada, which are the Baſis of fo great a Traffic with the 
North American Indians. 1 | 

(4.) GuLeas: Such Parts of the Ocean as are almoſt 
ſurrounded by Land. It is in Form analogous to a Penin- 
ſula; ſuch you obſerve is the Gulph of Venice, the Red 
Sea, &c. 1 5 | 3 
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CREEKS: Theſe are thoſe narrow Parts, or 


TS ee e : 
Fa of the Sea, running a little Way up into the Land. 


If they are wide and ſpacious, they are then called 
(6.) Bays. Of which the moſt remarkable and eaſy 


| to be diſtinguiſhed on the Globe, are Hudſon's Bay, in 


North America; the Bay, or Gulph, of Mexico; the 
Bay of Biſcay ; with many others. 

(7.) STRAITS : Theſe are ſometimes called Caan- 
NELSs, which are thoſe Parts of Seas that run between 
two Shores, or Coaſts ; as the Straits of Gibraltar, the 
Britiſh Channel, the Straits of Magellan, &c. | 

(8.) Rivers: Theſe are large Streams of Water, 


which ariſe from ſeveral Fountain-heads, and run towards 


ſome Lake, or Sea, where they diſembogue their Water. 
Such are the River Thames, in England; the River Nile, 
in Egypt; the River St. Lawrence; the Danube, and 
many others of very great Note ; which you ſee diver- 
fifying the Surface of the Land, like the Veins and Ar- 
teries in the membraneous Parts of Animals. 

Euphroſ. ] ſhall endeavour to retain all theſe Diſtinc- 
tions and Definitions, by an Application 'to my Books 
and Globe.———1 fear you have exhauſted your Spirits 
too much at preſent, and ſhall with Pleaſure diſmiſs 
you from any farther Attendance on me now, —1 
promiſe myſelf great Satisfaction in our next Leiſure, 
which you tell me is to be employed in a practical 
Solution of the moſt uſeful geographical Problems on the 


Globe. 
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DIALOGUE XI. 


Containing the Solution of the PRINcrrat PROBLEM 
| on the TERRESTRIAL GLOBE.” 


Cleonicus. 


| T our laſt Interview, I endeavoured to prepare your | 
Mind with every neceſſary Preliminary for under. 
ſtanding the right Uſe of the Terreſtrial Globe, and as 
= are well acquainted with all the Circles, and the 
anner of rectifying the Globe for any particular Place, 
we may now addreſs ourſelves immediately to the Solu- 
. tion of ſuch Problems, as will ſufficiently ſhew how very 
rational, beneficial, and entertaining, the Uſe of thi 
Inſtrument muſt be, and how highly Mankind are in- 
debted to the firſt Inventors of it. | | 
Euphbroſ. The very Pleaſure of ſeeing the World in 
one View, is not ſmall; it gives me ſuch a diſtinct and 
adequate Idea of the ſeveral Parts of Land .and Water, 
that no Maps, or other Contrivances could ever equal.— 
I have reCtified the Globe to the Latitude of London, by 
placing 519 3o” to the Horizon, which makes it ready, 
I preſume, for the Solution of geographical Problems.— 
Pray, which is the firſt to begin with? | 
_ . Cleon. The Firſt Problem uſually is, To find the Latitud 
F any given Place; and this is done by bringing the Place 
to the graduated Edge of the Meridian, where its Diſtance 
from the Equazor will appear in Degrees. Thus, ſup- 
poſe I require the Latitude of Feruſalem, Peterſburgh, and 
Pekin, in China. 


th. 


ii. 


* In this Dialogue, I ſhall give the Solution to geographical 
Preblems, as they are performed on the Terreſtrial Globe of the 
uſual Form; the Examples here are accommodated to thoſe 
Mr. Sener Make, particularly thoſe of 12 and 17 Inche 
Diameter; but in the following Dialogue, the Reader wil 
find, that the ſame Prob em, will receive a much more natural 
Solution, or Repreſentation, from a new Conſtruction and 
Apparatus of a nine Inch Terreſtrial Globe, which is movel 
by Clock-work, and by which the general Rationale of the 
Problems pertaining to both the Globes will moſt evident 

appear. | 


,MS 


' . that Place on the Globe. 
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Eupbroſ. This I think I ean eafily perform. —Fery- 
alem, I find upon the Globe, and placing it under the 
Meridian, I obſerve its Latitude 320 oo” N. from the 
Equator. — Again, I find Peter/burgh, in Ruſſia, juſt in 
the Parallel of 609 OO - And as for Pekin, in China, 
when I bring that to the Meridian, I ſee it lies juſt under 
the 40? OO; and in the ſame Manner, I could tell you 
the Latitude of every other Place that is marked on the 


Globe. -I ſuppoſe the next Problem will be, of Courſe, 


To find the Longitude of a Place. 

Cleon. It is certainly fo, as it is fo cloſely connected 
with the Latitude,-—To do this. is nothing more than to 
obſerve what Degree of the Eguator is interſected by the 


Meridian, when the given Place is brought to it And 


here I muſt obſerve to you, that the Degrees of Longi- 
tude on all Mr. Senexs Globes are reckoned from that Me- 
ridian, which paſſeth through London, (and which is 
uſually called the FIRST MERIDIAN) theſe Degrees of 
Longitude are reckoned to 180 on each Side of the firſt 
Meridian towards the Eaſt and Meſt. „ 
Euphroſ. I underſtand you, and obſerve the firſt Meri- 
dian you ſpeak of. When J bring Toy to the Me- 
ridiam it cuts the 36th Degree of Eaſt Longitude on the 
Equator, — Pekin being brought to the Meridian, cuts the 
116th Degree as before. After the ſame Manner, I 
obſerve, that any Place which lies Weſtward of us, 
being brought to the Meridian, both the Latitude and 
Longitude thereof will inſtantly appear. Thus, Port- 


Royal, in Jamaica, being placed under the Braſs Meri- 


dian, is ſhewn to have 179 30“ Latitude N. and its Lon- 
gitude will be ſhewn to be 77 30 Welt from London. 

Cleon. In all this you are very right. A Third Pro. 
blem is, Having the Latitude and Longitude given, to find 
Eupbroſ. T his I apprehend is nothing more than the 
Reverſe of the foregoing Problem. Thus, ſuppoſe I find 
in a Gazetteer, or Table of Latitudes and Longitudes, 
that Jeruſalem was in 309 oo! of North Latitude, and 
8 Eaſt Longitude; - then I bring the 369 of 
Longitude: to the Edge of the general Meridian, and I 
am ſure to find the City of Feru/alem under the 32 De- 
gree of Latitude on the ſaid Meridian. Again, If I 
| 1 know 
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know the Longitude of Port- Royal to be 779 3 Weſt 
of London, and to have 179 30“ of N. Latitude, then, 
by bringing the faid Degree of Longitude to the Meridian, 
J obſerve the Town juſt under the given Latitude. | 

Cleon. Very good, my Euphrojyne.- — The Fourth 
Problem is, To find the Diſtance between two given Places 


- on the Globe in Engliſh Miles, as for Inſtance, between 
eruſalem. To effect this, you ſcrew 


London and 
the Quadrant of Altitude to the Braſs Meridian, with 


its Edge to 51 30% the Latitude of London, to which 
Point you bring the City of Londen, where let the Globe 
reſt; then lay the graduated Edge of the Quadrant upon 
the given City, and you will fee upon the Quadrant 
229 30*, which, by allowing 69 Miles and a half to a 
Degree, will amount to near 2259 Miles. [2 
Euphroſ. The Praxis of this Problem is very eaſy, 
and will, at the ſame Time, exerciſe me in the little 
Skill I have in the Rules of Arithmetic. — — But let 
me ſee, if I can find the Diſtance from London to Port- 
Royal. The Globe remaining as before, I bring the 
Edge of the Quadrant to the Place, and 1 obſerve it is 
60 from London, which multiplied by 693, gives 47955 
Miles. Thus, I can fatisfy my Curioſity at any 
Time, in regard to the Diftance of any Part of the 
World. Pray, what is the Fifth Problem? 
Cleon. To find the Point of the Compaſs, an which any 
Place bears from London? 1 
Eupbraſ. I need not give you the Trouble of ſhew- 


ing me how to perform this Problem; for it is ſelf.evi- 


dent. — For, as I fee the Compaſs on the Horizon, 
when London is brought to the Meridian, and the 
Quadrant laid over any Place, it ſhews, at the ſame 
Time, the Point on which that Place bears from London. 


— Thus, the Quadrant, laid over Port-Royal, ſhews it 


to bear nearly on the Veſt Point of the Compaſs,—If 
hid over Feru/alem, it euts the E. 8. E. Point of the 
Compaſs tor the Bearing of that City.— The Quadrant 
removed to Petin, in China, ſhews it to bear within a 
Degree or two on the N. E. Point of the Compaſs.— 
This is a Matter of no ſmall Curioſity, which [ſhall 

Rife for many other Places at my Leiſure. What is 
Es Problem, Cleonicu! | © Gl 3s D 
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Cleon. The Sixih Problem is, To find all thaiſe Places 
that have the ſame Latitude and Longitude with a given 
Place. | | 985 Is + 

Euphroſ. This, again, is fo eaſy at firſt Sight, that 
I wonder you learned Gentlemen ſhould make any 
Problem of it.——— For it is only bringing the given 
Place, as Pekin, for Inſtance, to the Meridian, and 
all thofe Places that lie under the Southern Half 'of the 
Meridian, muſt, of Courſe, have the ſame Longitude. 
—— —— After this, if I turn the Globe about, it is 
evident, all thoſe places which paſs under the ſame 
Point of the Meridian with Pekin, muſt have the ſame 
Latitude. 5 | | 8 
Cleon. You will find ſome Problems, by and by, 
that you may think ſufficient to exerciſe your geographical 
Genius; though by you they may be eſteemed 'onl 
Paſtime.——— The Seventh Problem is none of the mol 
difficult, and you muſt let me ſee if you can do it without 
my Direction. It is, To find all theſe Places where it is 
Noon at any given” Hour of the Day, in any Place propoſed. 
For Example, you are to find in what Places of the 
Earth it is Noon, when it is Nine in the Morning at 
Lindon.” © | e f 8 780 

Eupbraſ. T believe you have now puzzled me. Muſt 
not I begin with finding the Sun's Place? © 

Cleen. No, my Euphroſyne, all Problems of Time 
do not require the Sun's Place to be known; but 
ſince you tacitly aſk my Aſſiſtance, you will readily 
find it. Therefore proceed as follows: ——— Bring 
London to the Meridian, and ſet the Hour- Inder to 
the given Hour IX in the Morning.—— Then turn 
the Globe about, till the Index points to the upper XII. 


— Then ſee what Places lie under the Meridian; 


— in all choſe Places, it will be Noon at the given 
our. 8 
Euphroſ. Well, this4s a pretty Problem ; let me practiſe 
it in the given Example. — — I bring London to the 
Meridian, ſet the Index to IX, ———and then 
turning the Globe, till it points to XII, I obſerve, that 
tie middle Part of Ruſſia, Circaſſia, the middle Parts 
of Arabia, and Madagaſcer, all ie under the Meridian; 
| H 3 to 
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to all which Places therefore it muſt be Twelve o'Clock, | 


or Noon, when it is Nine in the Morning with us. 


Cizon. The Eighth Problem is but the Reverſe of 
this, viz. when it is Nocn at any one Place, to find what 
Hour it is at any other given Place. And therefore in 
the Solution of: this, you will readily know how to 
Yraceed, - : | | 
Euphreſ. Yes; ſurely I do ———Suppaſing it Noon 
at London, I can tell what o'Clock it is at Jeruſalem for 


Inſtance ;-———-for, if I bring London to the Meridian, 


and ſet the Hour- Index to the upper XII; then by 
revolving the Globe, till Jeruſalem comes to the Me- 
ridian, [ obſerve the Index point to II. go”. But, as 
this is an the weſtern Part of the Hour: Circle, it ſhews, 
that; it is about Half an Hour after Two in the After; 
noon —>——— Again, for a ſecond Example; if I turn 
the Globe till Port-Royal comes to the Meridian, the 


Hour-Iuder will point to VII. nearly, . which ſhews, 


that it is Seven O'Clock with them at Jamaica, when 
it is Twelve at Noon with us. — Again, for a third 
Example, I ſhall reyerſe the Preblem, and bring Pekin, 
in China, to the Meridian, where, holding it faſt, I 
place the Hour-Index at XII; then I bring London to 
the Meridian, and find the Index point to Four o' Clock 
in the Morning Such Problems as theſe are very 
entertaining. What is your Ninth Problem? 

Clem. By your laſt Example, you have. robbed. Geo- 
graphers of one Problem, and, by the ſame Freedom, 
you might as well have taken that which follows, which 
we may now call the Ninth, viz, For any given Hour of 
the Day, in the Place where. you are, to find the Hour in 
gny other Place? 8 

Eupbroſ. This, indeed, is hardly worth conſidering 


as a ſeparate Problem. — For, when it is Five O'Clock 
with us, in the Afternoon, if I would know what 
o Clock it is then in Port. Royal in Jamaica, I need only 
bring London to the Meridian. Set the Hour-Index 
to V, on the Weſt Side ;—then revolving the Globe, 
ill * Port=Reyal comes to the Meridian, the Index points 
yy to XIiL.—This ſhews, Cleonicus, that when we 
ft down to Tea at Six, they begin to think of theif 
r oo YR 2 
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Clin. Theſe Problems, I ſee, you are ſufficiently 
ready at. -I believe the Tenth will be very agreeable 
to you, which is, To find all thoſe Places in the Torrid 
Zone, to which the Sun is vertical for any given Day. © 

Euphroſ. In the Solution of this Problem, I foreſee - 
your Direction will be neceſſary. Pleaſe to fay how I 
muſt proceet. TO. OR | 8 

Claon. Let the given Day be the 2oth of April; 
oppoſite to which Day, upon the Calendar in the Ho- 
rizon, you will fee the firſt Degree of Taurus in the 
Eeliptic placed by it, which ſhews the ſame Degree in 
the Ecliptic on the Globe, is the Place of the Sun for 
that Time Therefore, I bring the Sun's Place, 
or Beginning of Taurus, to the Meridian, which it 
interſects in the 11th Degree: Then turning the Globe 
quite round, you obſerve all thoſe Places upon the Sur- 
face, which paſs under the ſaid 11th Degree of the 
Meridian, are the Places required, or thoſe which have 
the Sun paſſing over their Heads for that Day. | 

Euphroſ. This Problem is more curious than difficult ; 
by which I learn, that every Place in the Torrid Zone, 
whoſe Latitude is equal to the Sun's Declination, will 
find him in their Zenith at Noon.—What is your Ele- 
venth Problem, Cleonicus ? | N 

Cleon. To find the Midſummer- days for any given Place 
in the Torrid Zone. This Problem I ſhall ſhew you the 
Solution of as follows :—Let theſe two Days be required 
for Port- Royal, in Jamaica, Then, I bring that 
Town to the Meridian, and obſerve what Degree it 
cuts, which is 179 30/.— Then, turning the Globe, I 
obſerve what Part of the Ecliptic, next to Aries, touches 
that very Point of the Meridian, and find it to be the 
209 of Taurus $.———This Degree I look for on 
the Horizon, and find againſt it, the roth of May, 
which therefore is their firſt Midſummer-Day = - 
Then, I turn the Globe farther about, till ſome Part of 
the ſecond Quadrant of the Ecliptic comes under the 
ſame Part of the Meridian, which I find to be the 10th 
Degree of Leo K. — Then, againſt that Degtee of 
the Ecliptic in the Horizon, I find correſponding to the 
zd Day of Auguſt, which therefore is their ſecond Mid- 


H 4 


| ſummer Day. | 
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Euphrof. I ſee, by the Manner of your Solution, 


that I ſhall find but little Difficulty in performing the 


ſame Thing for any other Place. What Problem ſucceeds 
to this? 5 e ee 

Cleon. The Twelfth, Problem finds all thaſe Places in 
the North. Frigid Zone, where the Sun begins to ſhine, con- 


flantly, or without ſetting, on any given Day.—The 


Solution is in this Manner. — Let the given Day be 
the 26th of April. - Then, the Sun's Place for that 
Day. will be in 6“ oo” of Taurus in the Ecliptic on the 
Horizon. Which Place /I find in the Echpric on the 
Globe, and bring it to the Meridian, which ſhews the 
Declination of the Sun for that Day to be 139%. 0 
Then it is evident, that all thoſe Places which are the 
ſame Number of Degrees from the Pole, or which are 
in the 77th Degree of North Latitude, are the Places 
required. 1 ; | 
Euphreſ. I can plainly ſee, the Reaſon of that, as 
the Circle of conſtant Illumination mult neceſſarily be 
the-ſame Diſtance from the Pole, as is equal to the Sun's 
Declination. 5 | N 
Cleon. The Thirteenth Problem is ſomewhat a- kin 
to the foregoing.—It conſiſis in finding on what Day the 
Sun begins to ſhine conſtantly, or without. Setting, on any 
given Place in the Frigid Zone, and how long it continues 
7 to do. 
4 Point Look-out, or the ſouthernmoſt Part of Greenland. 
ben firſt, I find the Latitude of that Cape, which 
is 77% 00'.——Secondly, I rectify the Globe to the 
Latitude of the Place. Thirdly, turning the Globe 


about, I obſerve what Point in the firſt Quarter of the 


Ecliptic coincides with the North Point of the Horizon, 
which, I, obſerve to be the ſixth Degree of Taurus. 


Fourthly, I ſeek the ſame Degree of Taurus in the 


Tate on the Horizon, and find againſt it in the Ca- 
lendar, the 26th Day of April, which ſatisfies the firſt 
Part of the Prablem —Fifthly, I turn the Globe back 
again, to obſerve what Point, in the ſecond Quarter of 
the Ecliptic, exactly coincides with the North Point in 
the Horizon, and J find it to be the 24“ oo“ of Leo.— 
Sixthly, 1 ſeek the ſaid Degree in the Ecliptic on the 
Horizon, and find it anſwers to the 17th Day of 


To ſolve which, let the Time required be 
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Au g. Therefore, from the 26th of April to the 17th 
of  uraft, the Sun ſhines conſtantly on the Inhabitants 
of the moſt ſouthern Parts of Greenland. 

Euphraſ. By the particular and gradual Procefs you 
have uſed in the Solution of this 8 I find, not 
only the Method for any other of the like Kind is very. 
eaſy, but, alſo, the Rationale thereof is very evident ; 
and therefore. you may proceed more concilely i in what 
other Problems remain. 

Chon. The remaining Problems are but few; that, 
which you may reckon the Fourteenth, is To find the 
Place over which the Sun is vertical en any given Day and 
Hour. In order to this, you are to find the Sun's 
Place in the Ecliptic, and bring it to the Meridian, and 
mark the Degree of Declination for the given hour. 
After this, find thoſe Places which have the Sun in the 
Meridian at that Moment ;—and, among them, that 
particular Place which lies under the Degree of Fog 
Sun's Declination, is the Place deſired; 

Euphroſ. As you have given me the Clue, 1 can 
proceed through the Whole of this Problem without 
our farther Inſtruction, at leaſt I will attempt it. | 
9 ſuppoſe it was required, to find the Place 
to which the Sun is vertical on the 20th of April, at 
Nine at Night preciſely. The Sun's Place, at that 
Time, I find on the Horizon of the Globe to be in 
the firſt Degree of Taurus; this I bring to the Me- 


| 8 and there obſerve his Declination to be about 


10? Then will all thoſe Places, that paſs under 
that 3 have the Sun vertical to them that Day.— In 
the laſt Place, I find all thoſe Places where it is Noon 
at Nine o' Clock at Night on that Day: ——— An 
amongſt them, that which lies under 109 30 of the 
Meridian is the Place required; and this I find is in the 
Pacific Ocean, or Great South: Sea, and as it accidentally 
bappens,. in the very Tract: of Lord Anſen's Voyage 
from Aquapulco to China, which has 135 Weſt Longi- 
tude from London. 

Cleon. It is with Pleaſure I ſee. "<A great a Miſtreſs 
you are of geographical Solutions I believe-it will 
not now be in my Power to mention any ſuture Problem, 
that will be too difficult for you. However, the Fif- 
teenth will ſtill extend your Ideas of this Kind, which 

18, 


as 2 


106 THE YOUNG GENTLEMAN 


is, To find, for any given Day and Hour, thiſe Places 
herein the Sun is then Riſing, or Setting, or in the Me. 
vidian; alſo, thoſe Places which are enlightened, and theſe 
which are not; and for an Example, you may take the 
fame Day and Hour of the laſt Problem, viz April the 
C OT ORITS 3 Sy "TAK 
Fuphreſ. I fear what you ſay to encourage me, will 
rather tend to difpirit me; for, if T may have the World 
for my Pains, I know not which Way to go about this, ' 
which you think fo eaſy a Problem. 5 

Cleon. You have no Reaſon to be diſheartened, it 
is but a Trifle that you want to recollect, to make the 
Problem as clear as the Day — For only find the 
Place to which the Sun is vertical at the given Hour, 
(which you know how to do by the laſt Problem) and 
bring the ſame to the Meridian, and elevate the Pole 


to the Latitude of the Place, then all the reſt will be 


= * hs 


eaſy.” pee Oe wn 
2556 This I will do. — The Latitude of the 
Place is 10% Jo”: therefore I elevate the Pole to 
the fame Number of Degrees above the Horizon. 
and thence, ſince the Sun is vertical to the middle Point 
of the Hemiſphere about the Horizon, it is evident, (1.) 
That all thoſe Places which are in the weftern Semi-citele 
of the Horizon fee the Sun. Riſing, as they are go0® oo 
diftant from the Braſs Meridian. (2.) For the fame 
Reafon, thoſe who are in the eaſtern Semi-circle fee 
the Sun Setting. (3.) And to tho'e who are under the 
Meridian it is XII o'Clock, or Non. (4.) and laſtly, 
All Places above the Horizon are enlightened by the 
Stn, and to them it is Day; and all that are below it, 
of Courſe, are in Darkneſs, or Night Upon the 
Whole, I think this a very curious and extenfive Problem. 
Cleon. It is as uſeful as curious, fince, by Means 
thereof, you readily ſolve the Sixteenth Problem, which 
is, To exhibit, in a general Manner, all thoſe Places on 
the Earth to which. a ſolar, or lunar Eclipſe is viſible, when 
the Time thereof is known, — If you remember, fome 
Time ſince I was mentioning to you, a very great Eclipſe 
of the Sun, which will happen the 1ſt. of April, 1764: 
This T propoſe to you as an Example. This Eclipſe 
begins at IX, and ends at XII nearly, | 


AND LADY's PHILOSOPHY, toy 
Euphreſ. By this 5 know what my Taſk will be, | ; * 


for, in the firſt Place, I muſt find the Place to which 


the Sun is vertical at Half an Hour paſt X on the firſt 

ay of April, that being the Middle of the Eclipſe: 
bis I find to be near the Middle of the Continent 
of Arabia: to which, when I rectify the Globe, 
J obſerve all the midland Parts of Nortay, Poland, 
Turkey in Europe, and the vaſt Continent of Africa, lie 
under the general Meridian, and obſerve the Middle of 
the Eclipſe at Noon. — Alſo,” all the Hemifphere 


above the Horizon ſhews me all thoſe. Parts of the 


World, in which the Eelipſe can be viſible. Therefore 
I am convinced, it will be ſeen in all Parts of Europe 
and Africa, as alſo all Afia, except the eaſtern Part of 
Tartary, China, Ic. But the eaſtern: Parts of South. 
America only can ſee any Thing of this Eclipſe.. 

If I caſt my Eye on the weſtern Part of the Hemiſphere, 
J obſerve: the Countries in Nerih and South- America, 
which lie upon the Horizon, to be thoſe People who 
ſee the Sun rifing at the Middle of the Eclipſe.. 
And in the eaſtern Part of the Horizon, the ſeveral 
Countries upon the Horizon there view the Sun Setting 
at the ſame Time. Again, if I bring London to 


the Meridian, and place the Hour Index to IX in the 


Morning, and then revolve te Globe till the Index 
oints to XII, I view all thoſe Countries under the 
Meridian, where the Eclipſe begins at Noon; particu» 


latly at Aadagaſcar, the inland Parts of Arabia, the 
Perſian Gulph, the Caſpian Sea, and of all the eaſtern 
Part of Ruſſia in Europe; but ſcarce any inhabited Part 


of the Earth view the Beginning of the Eclipſe. at Sun- 
Riſing, fince the weſtern Horizon lies almoſt wholly on 
the Great Atlantic, and | Southern Oceans. On the other 
Hand, a few of the eaſtern Iſlands only of Aſia can ſee 
the Beginning of the Eclipſe at Sun Set. In the laſt 
Place, I bring Landon to the Meridian, and place the 
Index to the upper XII, which gives me a View of all 


thoſe Places under the Meridian, who view the dark 


Diſk of the Moon going off from the Sun at XII O'Clock. 
On the weſtern Horizon, I view the Countries where 
the Sun is riſing, when the Eclipſe: ends: and in the 
poltern Part of the Horizon 1: ſee in what. ry 
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the World the Sun appears to ſet, with its entire 
enlightened Diſk. — —-——Are not theſe the general Phæ- 
nomena of this Eclipſe, As: repreſented on the Globe, 


Cleamens © 


Fe arc, hy Henin und vary feientif- - 


cally; repreſented 5: I could not have done it better myſelf. 


Il ſee you want no more of my Inſtructions, in regard 


to the Uſe of the Terreſtrial Globe; for though there 
may be a great Diverſity of Problems propoſed, yet they 
will all become very eaſy in Practice, and their general 
Nationale will appear to any one who has been exerciſed in 
thoſe: which 1 have ſelected for your Inſtitution in this 
Sciende, | for they are all of them of a fundamental and 
general Nature.—lf any Thing farther remains, there 
is yet a few Minutes to ſpare ; therefore be free to aſk 
of me any Thing you think proper, relative to the Uſe of 
this Globe, while it is before us. 1 


Buphroſ. I ſee but one Thing more on the Globe 


to. trouble you with, and that is, that long Slip of 
Paper, which is paſted on the Globe, acroſs the Equator, 
containing the Calendar, or Months and Days of the 
Vear: 1 ſhould be glad to know the Uſe of that, as 
you have ſaid Nothing hitherto about it. bp 5 
Clion. It is very proper you ſhould be acquainted 
with the Uſe: of it, as it is a curious Appendix to the 
Globe, and the Invention of the ingenious Mr. Harris, 
Author of A Treatiſe on the Globes. It has been lately 
affixed to the Globe; it may be called a General Refifier 
(though it is otherwiſe called the Analemma.) The Uſe of 
it is thus, you bring it to the General Meridian, and 


there holding the Globe faſt, ſer the Hour · Index to XII; 


then (1) at one View, you obſerve- on that Paper the 


Sun's Declination for any particular Day in the Vear, 


whether North or South. (2.) You feęctify the Globe 
to the Latitude of any Place, and then bringing the 


Rectifier to the eaſtern Part of the Horizon, you place 


any given Day of the Month to the Edge of the Horizon, 
and you ſee the Point of the Compaſs on which the 
Sun, that Day, riſes; and conſequently, the Amplitude 
of the Sun is inſtantly known: The Time of its Riſing 
is alſo ſhewn by the Index of the Hour Circle, and 
conſequently the Length of Day and Night.— And _ 
| 9 the 
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theſe Things are ſhewn, as it were, by Inſpection, for 


one whole Year, it gives a Summary of the Problems 
relative to the Sun, and in ſome Meafure ſupplies the 

Uſe of the Celeſtial Globe. ph. | 

Euphroſ. This I think is a great Curioſity indeed. —TI- 
could not have thought ſo many Problems of Importance 
could have reſulted from fo ſmall a Slip of Paper. - But 
I ſhall trouble yon no farther at prefent, with theſe 
Things, your Lecture, at this Time, having been of 
an uncommon Length. 1 „ 
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DAL OG UB: Al. 
The DESCRIPTION and UsE of a New APPARATUS 
to the TERRESTKIAL GLOBE, by which the true 
diurnal Motion of the EARTH on its Axis, 'the 
apparent annual Motion of the Sun in the Eclip- 
tic, the various Phenomena of Days and Ni1curs, 
the SEASONS of the Year, and of a Solar EcLiese 
are exhibited by New MAchIN ER. 


Sik 5 Buphroſyne. bo 
FT ELL, Cleonicus, I am ſure I have loſt no Time, 
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in learning how the Phænomena of Nature may be arti- 


1 

7 

| ſince our laſt Interview, in making myſelf per- j 
1 ſect in the Uſe of the Globes. —I have practiſed every | 3 
f Problem over and over again, on both the Globes, and 5 
{| now | may ſay, with the rich Man in the Goſpel; '//hat 
: 55 lack I yet? ao ' | . 1 . | 
6 Cleon. Why, to anſwer according to your own Stile, N » | 
Te though you have been indeed buſy about many Things, "Fe } 
- yet one Thing is 'needful ;— You bave been long engaged 
e 

e 


ficially repreſented by Globes, and in this you find great 
Aſſiſtance from the Labours of many ingenious Men; 


* 2 f 8 
tad nt 


| | 

> but with little Attention, it will appear, that thoſe | 

e Things will admit of a much more natural Repreſen- ll] 
g tation with a little Contrivance and ſmall Expence of 8 
d Machinery; and you will readily allow, that the more $38 
e natural any Phænomenon can be ſhewn, the more Satis | 17 
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faction and greater Inſtruction it muſt give to every inqui- 
ſitive Mind. | 5 1 

Euphroſ. No one can doubt the Truth of that, and I 
ſee you have provided here a beautiful Machine for that 
Purpoſe ; and I flatter myſelf, I ſhall have great Pleaſure 


in being inſtructed in the Uſe of ic. | 


_ Clen. To ſay the Truth, I have employed my utmoſt 
Skill to contrive it for your Inſtruction; | for though 
there have been two or three Inventions of this Kind 
already propoſed to the Public, yet I think them by no 
Means ſo ſimple and elegant as ſuits with the Nature of 
the Daſign, and worthy the delicate Genius of your Sex. 
Euphroſ. Compliments but ill ſuit with philoſophical 
Inſtructions; therefore, without any farther Ceremony, 
explain to me the Uſe of the Machine, for I am impa- 
in:: IT POLT LL: 
- Cleon, I will oblige you in this, and every Thing elſe 
I can, to the utmoſt of my Power. 1 

_ Firſt then, By opening a Door in the Side of the Ma- 
chine, you obſerve a Train of Wheel-work, put in Mo- 
tion in the ſame Manner as that of a Spring-Clock. 
This may be called, the Primum Mobile of the Machine. 

Secondly, On the upper Part of the Machine, you ob- 
ſerve a Terreſtrial Globe is placed, which is moveable on 
its Axis by the Hand, yet ſo as to remain in any Poſition 

where it is placed. LY * 
Third, by the Machinery within, a Motion is com- 
municated to the Globe, about its Axis, by Means of 
that Wheel which you ſee on the Top of the Box, and 
fixed to the Axis of the Globe. This is the diurnal Mo- 
tion of the Globe, performed in the ſame Time with that 
of the natural Globe, viz. in 24 Hours. 

. Faurthly, On the Surface of the Globe, you obſerve 
an artificial moveable Horizon, by which the Globe may 
be reQtified to the Latitude of any given Place. 

_ fiftbly, The Axis of the Globe makes an Angle with 
the Axis of the Ecliptic of 239 30. 
Sixthly, The Globe has another Motion communicated 
to it, by which the Plane of the Ecliptic is gradually 
moved round in the Space of one. Year, or 365 Days. 

. Seventhly, In Conſequence of this, a Braſs Ball repre- 
ſenting the Sun, placed on a Stem upon one Side of the 

1 Machine, 


— — ——-—— —˙ . tr Rs —— eo 


AND LADY PHILOSOPHY. 11 
Machine, and juſt in the Plane of the Ecliptic, will ap- 


| pear to move through every Sign and Degree of the 
Ecliptic in the Space of twelve Months, juſt as the real 


Sun appears to move in the Heavens. 

Etghthly, A Braſs Circle is placed about the Globe at 
the Diſtance of go every Way from the Sun, which may 
be called, the Solar Horizin, or Circle of Illumination, 
becauſe it conſtantly divides the Globe into the enligh- 
tened and dark Hemiſpheres. 5 7 

Ninthly, On the Wheel affixed to the Axis, you obſerve 
a moveable Hour Circle, and a fixed Index, by which 
Means the Time of any Phznomenon is ſhewn, and the 
Globe rectified in regard thereto. EY 

Tenthly, By removing the Sun, I place theſe two Brafs 


Arms to the Sides of the Machine, which, by Means of 


Screws, are moveable up aud down, fo that the long 


Piece of Braſs, you fee moveable upon the Ends of each, 


may be placed either horizontally, that is, parallel to the 
Plane of the Eclipric, or inclined thereto, in any Angle 
leſs than 6?. So that it may be placed parallel, at any 
Time, to the Path of the Moon. | 1 
Eleventhly, To the middle Part of this tranſverſe Piece 


is fixed another, at right Angles, with Spring- Sockets, 
through which ſlides a long Slip of Braſs, on the Top 


of which is fixed a dark Circle, repreſenting the Moon's 
penumbral Shadow, at the Surface of the Earth, in a 


Solar Eclipſe; and in ſuch Proportion to the Globe, as the 
real Penumbra of the Moon has to the Globe of the Earth. 


Twelfihly, The Slip of | Braſs which carries the lunar 
Shadow is divided, from a certain Point each Way, into 


a Scale of Minutes, by which Means, in any Eclipſe, 


the neareſt Diſtance between the Center, of the Penum- 
bra, and the Earth's Diſk, or the Latitude of the Moon 
in an Eclipſe at the Time of a true Conjunction, may be 
truly expreſſed, and thereby. the lunar Penumbra properly 


| adjuſted to the Diſk of the Earth, and its true Paſſage 


over it ſhewn in that Eclipſe. | 


4 


Thirteenthly, The lower Part of the tranſverſe. Piece is 
divided into Teeth, adapted to a ſmall Pinion that you ſee 


in the Side of the Machine, by which Means this Piece, 


when the Machine is in Motion, carries the penumbral 


Shadow over the Earth's Diſk, with the proper 9 
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of Motion which the Moon really has at that Time in ber 
Orbit, or which the penumbral Shadow really bas on the 


Diſk of the Earth. 
Faurteenthly, But as the Moon's Motion is ſometimes 


quicker, and ſometimes flower, if we would be very accu- 


rate, there ſhould be three of thoſe tranſverſe Pieces, 
containing each a different Number of Teeth of the fame 
Length, and fitted to expreſs the greateſt, mean, and leaſt 
Velocity of the Moon's Motion. 

Fifieenthly, The Machinery 1s fo contrived, that the 
diurnal Motion of the Earth, and annual Motion of the 
Sun may be performed in a ſhort Space of Time, viz. 
The annual Motion in ſix Hours, and the diurnal in 
nearly one Minute. And now, my Euphroſyne, you 
are prepared for viewing the great Phænomena of Nature, 
Juſt as they happen in the Courſe of Things, or PE I 


at Pleaſure *, 


* An EXPLANATION of the MACHINE. 
A B DF, Is the Body of the Machine. 
C, The Center of the Globe. 
EQ. Equator, 
EL, The Ecliptic. | 
NS, The Axis of the Globe. | 
- GH, The tranſverſe Piece, with Teeth. 
IK, The circular Arms, on which it moves. | 
O, The Pinioo which moves it. 
RS, The fixed perpendicular Piece. 
MS, The Sockets upon the ſame. 
CP, The long graduated Slip of Braſs, carrying 
be D Shadow of the Moon. 
TU, The Circle of Illumination. 
W, The Stem, or Foot thereof. AA 
X, The Part on which the Globe reſts. | 
Y, The Part on which the Globe is ſupported. 175 
2, The horary Circle, which gives Motion to the Globe. 


In the Print we have exhibited the Apparatus for repreſenting 
the Solar Eclip/e, April i, A. D. 1764, as being the moſt re- 
markable that will happen for many Vears to come. We have 
not repreſented the Sur, the moveable Horizon, Cripuſcular 
Circle, Sc. to avoid Confuſion, eſpecially as they are eaſily 


ſupplied by the Imagination, and iv PT deſcribed in 


their Uſes above. 
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Eupbroſ. In regard to the Uſe of this new conſtructed 
Globe, I muſt be entirely paſhve, as I know not has 
which Way to go about ſolving any one Problem; but 
ſhall be very glad to ſee thoſe natural Phænomena ariſe 
from the Direction of your own Hand. *, _ 5 
Cleon. I will ſhew them to you in their natural Order; 
and, firſt, you are to obſerve, that ſince the Pole of the 
Ecliptic is the higheſt Point of the real Globe of the 
Earth, as it revolves about the Sun in its annual Orbit, 
ſo the ſame Pole of the Ecliptic muſt always be the higheſt 
Point, and therefore, what we may call the Zenith of 
this artificial Globe, the nether Pole of the Ecliptic being 
the Nadir. | e 
Euphroſ. This I plainly ſee; and in Conſequence of 
which, the Ecliptic may be called the Horizon ; at leaſt, 
I ſee it parallel with the Horizon of the common Globe, 
and will always remain fo. | | 
Cleon. Your. Remark is juſt — Secondly, to rectify 
this Globe, I fix the Ball, repreſenting the Sun in the 
Plane of the Ecliptic, on its Stem, at a ſmall Diſtance 
from the Globe.— Then, by turning the Winch, I cauſe 
the Ecliptic Circle to move round; ſo that any Part 
which the Sun occupies at any Time, may be placed 
againſt the Braſs Ball, or artificial Sun.——— Thus, for 
Inſtance, on the firſt Day of April the Sun being in the 
twelfth Degree of Aries, I bring that Point exactly againſt 
the Ball; and thus the Globe is reQtified for that Day of 
the Year. : Ne SE EO +505 
Euphroſ. This is a different Rectification of the Globe 
from what you ſhewed me before; but I ſuppoſe. it is ſuen 
as correſponds to the reſpective Situation of the Sun, and 
the Earth in its Orbit for that particular Day. ; 
Cleon. It does fo very exactly; for the Earth being in 


the twelfth Degree of Libra, if we look at the Sun in 


the Center, it muſt neceſſarily . appear in the oppoſite 
Point, or twelſth Degree of Aries, as yqu very well know. 
——— Thirdly, I put the Machinery in Motion, and, in 
the Space of nearly one Minute, you ſee the Earth revolve 
once round upon its Axis with an equable Motion, which 
exhibits to you a natural Idea of the Manner in which 
the real Earth does turn upon its Axis, as it proceeds in 
its Orbit about the Sun. . 
Var. II. 


* 
* 
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Euphroſ. This is a very curious Repreſentation, indeed, 
of the Earth's diurnal Motion; and I obſerve the Index 
below points out the ſeveral Hours of the Day, and Night, 
on the horary Circle in its Revolution. | 

Clean. You will next obſerve, my Euphreſyne, that 
when the Sun again comes into the Plane of the Ecliptic, 
after one Rotation of the Earth about its Axis, that it is 
found to poſſeſs the next, or thirteenth Degree of the 
Ecliptic ; ſo that row are convinced of the fourth Phæno- 
menon by ocular Demonſtration, viz. That in the Space 
of one natural Day, the Sun has an apparent Motion in 
the Ecliptic of one Degree nearly. _ 

Euphroſ. This I obſerve with Pleaſure, as it is very 
natural to ſee how the apparent Motion of the Sun, in 
this little Globe, anſwers to that of the real Sun in the 
Heavens :—But as there are 365 Days in the Year, and 
only 360 Degrees in the Ecliptic, the apparent Motion 
of the Sun, at a Mean, cannot be quite one whole De- 

ree in a Day; but the Difference is too ſmall to be 
inſiſted on here. | 

Cleon. It is, indeed, very ſmall for one Day; but in 
the Space of the whole Year- you will find every Part of 
the Ecliptic will be paſſed over by the Sun. he fifth 
Phænomenon you will next obſerve, is the Paſſage of that 
Patt of the Earth's Surface under the Sun, to the Inhabi- 
tants of which the Sun it ſucceſſively vertical on that Day. 

Euphroſ. This appears extremely natural, indeed; [ 

lainly ſee, that for the firſt Day of April all the midland 
e of Africa, the Indian Sea, the Iſle of Ceylon, the 
Kingdom of Malacea, the Philippine Illands, the vaſt 
Tra& of Ocean between them and America, the large 
Continent of South America, called Terra Firma, 8c. al 
paſs under the Sun, and therefore view him in their Ze- 
nith. I muſt needs own, this Repreſentation far exceeds 
that for the ſame Purpoſe on the common Globe. 
den. The 1 — is the variable Length 
of Days and Nights, according to the different Times of 
the Year, which offers itfelf to the View here, juſt as i 
does in Nature; for when I bring the Meridian of any 
Place to. paſs through the Sun, I then move the Hour of 
the Noon-Tide XII to the Index, and rectify the Moon's 
Horizon by the Latitude of that Place; for the Globe, in 


Ef Motion, 
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Motion, naturally ſhews you the Length of the Day and 
Night, at any given Time of the Year. 

Euphroſ. I apprehend it muſt be ſo: But ati Example 
will ſtill make it clear, whieh, I think; I am able to 
perform myſelf. ——I ſhall take our capital City, London, 
for the Place; and therefore rectify the moveable Horizon 
by fixing it at 51 30 from the North Pole, by the ge- 
neral Meridian drawn on the Globe :—And now, I will 
firſt adjuſt the Sun to the Beginning of the Ecliptic, by 
turning the Globe about till the Vernal Equinox is right 
againſt it: Then, pleaſe to put the Machine in Motion: 

Cleon. It is done. 8 | 

Euphroſ. And very. plainly I obſerve, that at the End 
of ſix Hours the Weſtern Part of the Horizon is againſt 
the Center of the Suh :—That in twelve Hours more; 
the Eaſtern Part of the Horizon is upon the Sun: And 
after another fix Hours, the Equinox returns to the Sun, 
and plainly ſhews me the Length of the Day and Night 
is the ſame on that Day of the Year, Alſo, I ſee the 
Sun naturally . ſetting, or apparently paſſing below the 
Weſtern Part of the Horizon at Six in the Evening,— 
and riſing above the Horizon at Six in the Morning, juft 
at the Point due Eaſt —All this I can eaſily ſee will 
follow from the Motion of the Earth, carrying the Hori- 
25 of London along with it, over the Body or DiKk of the 

un. | | Ez 

Cleon. And one Thing farther you will take Notice of, 
a ſeventh Phznomenon, which will more illuſtrate this 
Doctrine, which is, the Circle of Illumination fixed to the 
Machine; and ſurrounding the Globe in ſuch 4 Manner, 


118 


| as to divide it into the enlightened and dark Hemiſpheres. 


This Circle may, with ſome Propriety, be called the 
ſolar Horizon, as it is every where exactly go? diſtant 
ftom the Sun. „ | 
Eupbroſ. I readily ſee what Conſequences will attend 
this Obſervation :—— Becauſe it muſt neceflarily happen 
from hence, that when the Horizon of any Place is upon - 
the Sun, the Place itſelf will be under the Circle of 
Illumination; and therefore, juſt entering into the darkened 
Hemiſphere.—The Reaſon, therefore, of Day and Night, 
and all their Variations is, from hence, extremely obvious, 
and more ſo, by mueb, _— the Ortety itſelf. _ 
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Cleon. You cannot be too well apprized of the Nature 
of this grand Phenomenon ; and therefore it will be 
proper to repeat the Experiment for the longeſt Day in 

the Year in the Latitude of London, which will preſent 
' yon with a View of the greateft Inequality of Days and 
Nights that can happen here. 755 

Euphroſ. This, 1 preſume, I can eaſily do, by moving 
the firſt Degree of Cancer to the Sun, and then turn the 
Globe on its Axis till the Sun comes to the Meridian of 
London, —where letting it reſt, I turn the Hour Circle 
till the Meridian XII is at the Index :— 
Motion to the Machine, — I ſee the Globe revolves in ſuch 
a Manner, that the Tropic of Cancer conſtantly paſſes 
under the Sun, from Weſt to Eaſt, till at Length the 
Weſtern Horizon comes upon the Sun :—At the ſame 
Time 1 obſerve the City of London is under the Circle of 
Illumination, and goes into the darkened Hemiſphere at 
the ſame Moment of Time that the Sun is ſeen below the 
Horizon. When this happens, the Index points to 
VIII o'Clock, and ſomewhat more. Again, the Globe, 
continuing in Motion, carries the Iſland of Great Britain 
through the darkened Hemiſphere, till at Length it ap- 
pears. on the other Side of the Circle of Illumination, and 
the Eaſtern Part of the Horizon revolves to the Sun 
At which Moment of Time I ſee the Index pointing 
nearly to the Hour of IV in the Morning: — So that from 
hence it is evident, that the longeſt Day with us is a little 
more than XVI Hours, and the ſhorteſt Night nearly 
VIII, and therefore but balf as long as the Day :—The 
Manner in which theſe Things appear ſo nicely accord- 
ing with Nature itſelf, redoubles the Pleaſure of Inftruc- 
tion. But what is that ſmall Circle, which I ſee every 
| where at an equal Diſtance from the moveable Horizon? 
Cleon. That may be called the Crepuſcular Circle, or 
Circle of Twilight. It is placed at 189 00” below the Ho- 
rizon, becauſe, till the Sun has deſcended fo far, ſome 
of his Beams will be refracted by the Atmoſphere, and 
make a Twilight, or a decreaſing Mean between Day and 
Night: But when the Sun has reached that Circle, we 
find it dark Night ; and, therefore, as the Globe reyolves, 
at the ſame Time you obſerve the Time of the Beginning 
ol Day and Night, you fee alſo the Beginning, nt 

. & | an 
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and End of Twilight, which is the eighth Phenomenon 
in this Machinery. | 5 | 

. Euphroſ. Well, this is a Curioſity over and above 
what I expected; a Piece of Knowledge that does not 
pleaſe me a little: for, though I had ſome indirect and 
faint Ideas before, my Notions of it are vaſtly , enlarged 
and improved by this natural Repreſentation. And 
what delights me very much is, that in the laſt Example 
of the longeſt Day, I; ſee there can be no dark Night 
at all; ſince ' the Sun, at Midnight, is not by many 


| Degrees ſo far below the Horizon of London as is the 


Circle of Twilight —Nor indeed, for many Days before 
and after the longeſt Day, the Depreſſion 'of the Sun, 
at Midnight, will not be ſo great as: the Diſtance of 
that Crepuſcular Circle from the Horizon; and that, for 
that Space of Time, there will be no dark Night, 
which there muſt be, more or leſs, at all other Times of 
the Year. ms op LH 100 | 
Clean. At your Leiſure, you may practiſe this Pro- 
blem for the ſhorteſt Day, in the ſame Manner as for 
the longeſt; and likewiſe, for the Times of the Be- 
ginning and End of Twilight at any Time of the Year. 
What I muſt next obſerve is, the ninth Phenomenon, 
which is of the greateſt Importance of all, vi. The various 
SEASONS of the Year :—For, by what we have already 
ſeen, you learn, (1ſt,) That when the Sun, in its ap- 
parent Motion, poſſeſſes the Beginning of the Ecliptic, 
or firſt Point of Aries, then alſo the Poles of the World 
appear under the Circle of Illumination, and then the 
Days and Nights are not only equal, but the Sun being 


at an equal Diſtance from either Pole, his Light and 


Heat is then of a Mean Degree, and makes that delightful 
Seaſon which we call the SpRING. (2dly,) As the 
Sun advances in its annual Courſe gradually towards 
Cancer, the North Pole, by degrees, is brought fill 
farther into the enlightened Hemiſphere, till, at laſt, 
when the Sun arrives to the firſt Degree of Canter, the 


North Pole is then 239 zo“ within the illumined Hemiſ- 


phere, or by ſo much nearer the Sun than it was before; 
and conſequently. its Light and Heat will now be the 
greateſt of all, in all the Northern Latitudes, as well 
as the Days the longeſt; and therefore you ſee the Nature 
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of the Seaſon we call Summum, by ge plain, 
(3dly,) The Globe continuing in Motion, the Sun 
appears to advance towards Libra; and the North Pole 
retreats, by degrees, and gets a ſecond Time under the 
Circle of Illumination :—At that Inſtant the Sun arrives 
at Libra, and then it cauſes the autumnal SEASON, 
(Athly,) The Motions of the Globe continuing, you 
fee the Sun gradually advance, from Day to Day, to- 
wards the Beginning of Capricorn; and the North Pole 
going farther and farther into the darkened Hemiſphere, 
till, at Length, when the Sun comes to the firſt Seruple 
of Capricorn, the North Pole will be then 239 30“ from 
the Circle of Illumination in the darkened Hemiſphere, and 
that of Courſe, in this Poſition of the Globe, the Days 
will not only be the ſhorteſt, but the Light and Heat 
of the Sun will be the leaſt it ever can be in Northern 
Latitude, and therefore makes the Winter SRASON.— 
Hence, in a ſhort Time, you fee all the Succeſſion of 
Seaſons, with all their Varictyof Incidents, in the Courſe 
ate whole Yogr, nt 05 ay * 2H 

Eupbroſ. This is not only a compendious, - but 2 
beautiful View of eee, Events, reſulting from 
the moſt ſimple Cauſes. Not only the Seafons, and 
different: Length of Days and Nights, but likewiſe many 
other curious Subjects offer themfelves to my View, in 
this Speculation of à Globe in Motion :—1I ſee the 
Parts of the Earth, or Circum-polar Regions, alternate- 
ly, wholly enlightened, or wholly in the Dark, at oppoſite 
Times of the Year.—I ſee when the Sun begins to ſhine 
without ſetting, and to ſet without ſhining any more 
to the different Inhabitants within the Polar Circle :— 
I obſerve, how naturally all the different Parts of the 
Torrid Zone come under the perpendicular Beams of 
the Sun, in the Courſe of a Year.—But I ſhall no 


— 
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which it happens, than. by any Contrivance of the com- 
mon Globes, Orreries, c. eſpecially what relates to 
an Explication of the particular Phaſes thereof; for, 


to anſwer ſuch Purpoſes in the beſt Manner, you ought - 


to know in what Manner the Shadow of the Moon goes 


over the Surface of the Earth in the Time of the 
Eclipſe. Although I have formerly illuſtrated this, by a 


Copper-plate Print, in a general Way, * yet that will 
by no Means ſuffice for a full and adequate Notion of 
this Matter. It was there, indeed, ſhewn, what was 
the total, and what the penumbral Shadow of the 
Moon; but it ſtill required the Surface of a Globe, to 


ſhew the Proportion of the dark and penumbral Shadow, 


when compared therewith ; alſo what is the particular 
Courſe over, and Figure of the Shadow upon the Sur - 
face of the ſaid Globe, ſo that it may have the ſame 
Appearance as if you was aCtually to ſee it on the Sur- 
face of the Earth itſelf. — The Aſtronomers have Methods 
whereby they can, at all Times, aſcertain the true 
Dimenſions of the Moon's Shadow at the Surface of 
the Earth, and, conſequently, can aſſign the Proportion 
it bears to the Earth's Surface: Therefore, whatever the 
Size of the Globe you make Uſe of may be, we can 
immediately adapt a Shadow to it, by cutting out a 
circular Piece of black Crape, which ſhall bear the 
required Proportion to the Surface of the Globe. This 
Crape will denote. the penumbral Shadow.——In the 
Center of this Crape we can fix one of your ſmall 
Patches, to repreſent the dark Shadow of the Moon, in 
a proper Proportion to the penumbral Shadow; and here, 
let me tell you, it is much more properly applied than 
when it is placed on your on Face, to eclipſe ſome of 
the natural Beauty thereof. ——In the next Place, the 
Inclination of the Moon's Orbit to the Plane of the 
Ecliptic, is at all Times known; and therefore the 
Latitude of the Moon, or its perpendicular Diſtance 
from the Ecliptic, is known at the Time of any given 
Eclipſe, and, conſequently, the Path of the Center of 
the Shadow may be thereby aſſigned on the Surface of 
the Globe: Conſequently, the Time when the Shadow 
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firſt enters on the Diſk of the Earth, or Surface of the 
Globe, and allo the Time when it goes off; and there- 
fore, he Beginning, the Middle, and End of the Eclipſe, 
with the Quantity thereof, may eaſily be nn and 
N e by this Machinery 

Euphroſ. muſt confeſs that, till you have put: your 
ecliptic Apparatus in Order, and applied it to the Ma- 
chine, I cannot have ſo clear an Idea of the Defign of it as 


I then may; for, I preſume, the Uſe of each n 


Part will then more fully appear. 

- Clem, It will ſo: But before we can proceed any 
farther in this Speculation, we muſt adjourn to a Sun- 
ſhiny Morning, when we can view the various: Phaſes 
of a Solar Eclipſe to the beſt Advantage; and till then 
you may ruminate on the Subjects that have, at preſent, 
paſſed between us, and render yourſelf more perfect i in the 
Va on the (Hobs ann 1 bg 19 


— 


DIALOGUE XIII. 


On Ih -Uſ of the New Apparatus 70 the Thames 
* "TRIAL GLOBE, in explaining the Nature and va- 
rious Phenomena of SQL A ECLIPSE 8. 2 ified 
11 that wabigh was to happen in 1764. 


E uphroſyne. | 


W AS ſearcely ever more impatient for any Event, 
chan of the Sun-ſhiny' Morning, to which you ad- 
J urned., And now the wiſhed-for Hour is come, the 


Air is ferene and clear, and we have the faireſt Proſpect 


oft an entire fine Day: And you willibe mindful of the 


old Proverb, To make Hay while the Sun ſbines, and apply 


the ſolar Apparatus as ſpeedily as you can, and thereby 
give me the Pleaſure of ſeeing Nature anticipated i in that 


Future great Phenomenon. 


Cleon. I will do fo; and therefore, firſt, I apply the 


two circular Arms to the Side of the Box. which are 
moveable up and down, at Pleaſure; and on theſe Arms, 


he long. tranſverſe ſliding Piece, with Teeth on the 
| Jowge 
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lower Part, to the Number of Eighty z. to the middle 
Part of this Piece I apply the Crape, or Shadow of 
the Moon, placed on the Top of a long Stem, or Slip 
of Braſs, before deſcribed, and lowering one of the Braſs 
Arms, and raiſing . the other, I fix the Sliding piece 


exactly parallel to the Orbit of the Moon, which is 


done by the Diviſions on the Sliding part of the Arms; 
then I move the Arm which carries the Shadow up, or 
down, in the Sockets, till ſuch Time the Number which 
expreſſes the Latitude of the Moon from the Ecliptic, 
in the Middle of the Eclipſe, touches the upper Socket, 
and there {crew it faſt..—A Motion is then communicated 
to the Slider by a ſmall Pinion, which you ſee on the 
Outſide of the Box, working in the Teeth of the Slider; 
and as twelve Teetb_ in the Slider anſwers. to one Hont's 
Motion, there will be ſix Hours and, a half Motion 
upon the whole, if required, which is ſomewhat more 
than the Time of any generally, Solar Eclipſe.— Aud 
now, to make every Thing clear and plain, by Example, 
I ſhall give you a Repreſentation of that remarkable Solar 
Eclipſe that will happen on the ft Day of April in the 


SALT: woke? 401 hott on RE an ; 
Eupbroſ. That I underſtand, by what, you have ſaid, 
is the largeſt Eclipſe we are to expect for many Years 
to come, and therefore a Repretentation of it, in your 
new, and natural, Method, muſt certainly be very 
agreeable. f nee | 


Alon, That you may have the cleareſt Idea of this 


Matter, you ace to ſuppoſe yourſelf, at the Time of the 


Eclipſe, tranſlated to the Moon; and from thence to 


view her Shadow. paſſing over the Surface of the Earth, 
which Surface, or Diſk of the Earth, will appear ſixteen 


Times as large, to n placed there, as the full 
Moon appears to you 


ere; and all the enlightened Sur- 
face of the Earth will, in ſuch a Caſe, be turned directly 


to your Eye in the Moon; and you would, in that Caſe, 


ſee the penumbral Shadow of the Moon gradually com- 


ing on, and traverſing over the upper, or northern Parts 
of the Earth's enlightened Diſk, together with the dar 
central Spot in the Middle. — This Appearance of the 


Earth's Diſk, as I ſaid before, may be repreſented by a 


Globe of any Size, and the Crape to repreſent the fo 


EM penumbral 
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penumbral Shadow, with the Patch in the Middle to 


repreſent the dark Shadow, being proportioned thereto, 
will, when the Machine is in Motion, exhibit to you | 
very nearly the ſame Appearance as you would obſerve t 
from the Moon. — Therefore, in the firſt Place, as it is r 
known by Calculation that this Eclipſe will happen ; 
when the Sun is in the twelfth Degree of Aries, I adjuſt t 
the Globe ſo, that that Point of the Ecliptic may be juſt 4 
in the Middle of the enlightened Hemiſphere, or every n 
Way 90? from the Circle of Illumination, and juſt at that il 
Point of the Ecliptic I place the artificial Sun: Then I n 
bring the Meridian of London to paſs through the Sun, and 2 
move the Hour Circle till the Index points to XII; and 0 
as the general Eclipſe begins about twenty Minutes after 4 
VII, I turn the Globe about till the Index points to the w 
Hour of VII.— And fince the Middle of the Eclipſe hap- | 
ens a few Minutes after X, I move the Shadow on the 8. 
iding Piece towards the left Hand, or weftern Side of * 
the Globe, by a little more than the Space of half the je 
Duration of the Eclipſe, which is ſhewn by the Hours * 
and Minutes placed on the Slider, each Way from the ge 
Middle — Then having raiſed the Shadow, by the Scale tit 
gf the Moon's Latitude placed on the Stem, the Machine fol 
3s ready for Motion. ö 5 
_ Buphreſ. By all this Preparation, I plainly perceive an th 
Eclipſe of the Earth is at hand. When the Machine is on 
in Motion, I cannot help ſeeing, that the Shadow of that Pa 
Crape will very naturally reprefent the Shadow of the of 
Moon, as it paſſeth over the Surface of the Earth: But the 
how do you adjuſt that Shadow? — The Sun fkines, it is the 
true; but his Beams are fo oblique, that T do not ſee the 
how. they are to anſwer the Purpoſe, as they at preſent of 
will fall over the Circle of Illumination, when the Globe al 
is turned towards the Sun, and ſo the enlightened and dark W the 
Hemiſpheres will not be the ſame as repreſented by the and 
Machinery, 1 Tr 
Clean. To all this the Anſwer is ready and caſy z—— the 
for the artificial Day and Night may be truly made at any Mo 
Time by the Sun-Beams, or Candle-light :—For if 1 and 
place the Globe toward the Sun, and place a Looking- ifi 
glass on the Table, (between the Sun and the Globe) 81 


3nclined in a proper Degree, it will throw the 3 dba 


TS <0 UN OE ee Ot ene 


ine 


AND LADY's PHILOSOPHY. 123 


parallel to the Horizon, and, conſequently, every where 
perpendicular to the Plane of the Circle of Illumination; 
by which Means, that Part of the Globe will be enligh- 
tened, and repreſent the Day juſt as it is in Nature. 
The fame Thing alſo is to be done by placing a Candle 
in the Focus of a large Lens, or Speculum, which, by 
that Means, will be directed parallel to illuminate the 


Hemiſphere required. But as the Sun- Beams are moſt 


natural, and fitted for our Purpoſe at preſent, your Dreſſ- 
ing-glaſs will be the moſt proper to diſpoſe the Rays for 
making the artificial Day, which you can bring me down 
and ſet on this 'Table. 1 
Euphroſ. J will inſtantly go and fetch it: here it is; 
and, by the Screws, you will place it in the Poſition 
which you know to be neceſſary. 3 | 
Cleon. I have duly placed the Table, and put up the 
Saſh, and now the Sun-Beams fall on the Glaſs, I move 


it up and down, till ſuch Time I find the Rays go paral- 


lel to the Horizon, and fall on the Globe as they ought. 
—And now, you have nothing to do but to obſerve the 
general Phænomena of the Eclipſe, which, upon my put- 
ting the Machine in Motion, you will obſerve: to be as 
follows: e 

I. You ſee the Eaſtern. Edge of the Shadow come upon 


the weſtern Part of the Earth's Surface, and firſt touch it 
on the weſtern Parts of Africa? Alſo, that the eaſtern 


Part of the Shadow gradually paſſes along on the Circle 
of Illumination ; and deſcribes a Tract on the Surface of 
the Earth, ſhewing all that Part, whoſe Inhabitants view 
the Sun beginning to be eclipſed at the Horizon, or that 
the eaſtern Limb of the Moon touches the weſtern Limb 
of the Sun, juſt riſing above the Horizon, 


II. Soon after this, you obſerve the vertical Line on 


the Crape (which divides the Shadow into the eaſtern 
and weltern Semi-circle) will come upon the Circle of 
Illumination, and denote that Tract upon the Surface of 
the Earth where the Sun will appear to riſe with the 
Moon, as far advanced on its Surface as ſhe can be, 


and where the Eclipſe will appear greateſt of all at Sun- 


Tiling. © 


HI. The Middle of this Line, or central Spot of the 
Shadow, will come upon the ſaid Circle at its Entrance 


& on 
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on the illuminated Diſk ; ; and, thoſe who inhabit that par- 


ticular Spot, you will cally obſerve, mult ſee the Sun 


rife centrally eclipſed.  _ 

IV. As the Shadow advances, you ſee the weſtern 
Part coming on upon the Earth's Surface, and in every 
Part, where the weſtern Edge of the Shadow comes upon 
the Circle of Illumination, the Inhabitants. of that long 


Trad will obſerve the Sun Riſing, with the weſtery Limb 


of the Moon juſt touching the Sun on the loweſt, or 
eaſtern Part in the Horizon, i. e. they will ſee the Moon 
go off, or the Eclipſe end jull as the Sun is riſen.— And 
thefe will be the Appearances of the Eclipſe, at Sun- 


riſing, to the Inhabitants of the weſtern Parts of Africa | 


and Europe to the North Pole, or a little beyond it, in 
cluding a latge Space on the Surface of the Earth, 

V. As the Shadow advances, the greateſt Part 
received'on the Surface of the Earth; but all the _ 
Part falls off into the Expanſe over the northern Regions ; 


And as it rifes higher and higher above the Plain of the 


Ecliptic, fo the Center of the Shadow goes northerly till 
it has defcribed a Tract, obliquely, from the Weſt of 
Africa to the northern Parts of /uſcovy, where it goes off 
from the Earth. 

VI. By the black Circles on the Crape, round the 
Center, is ſhewn how much of the Sun's Surface will 
be eclipſed from the View of the Inhabitants who live on 
thoſe Parts, where the Circles paſs. Thus they who live 
in the Tract of the Center will ſee no Part of the Sun's 


'Difk, but the Sun will be centrally eclipſed to them. — 
Thofe who live under the Shadow of the firſt Circle from 


the Center, will view ten Digits eclipſed, or ten Parts 
out of twelve of the Sun's Diameter. Thoſe who live 


under the Shadow of the ſecond Circle from the Center, 


will view but eight Digits eclipſed. Thoſe who live 


under the Shadow of the third Circle, fee but ſix Digits, 
or half the Sun's Diameter eclipſed ; and ſo in Proportion 
to the other Circles. | 


VII. Becaufe the Sun's Diameter does a little exceed 


the Moon's, therefore the Eclipſe, where central, will 


not be total; but there will be a Ring of Light all round 


on the Edge of the Sun, which occaſions ſuch an Eclipſe 
10 be COT Annular. in ſome Caſes, the Prom Sur- 


—— 
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face of the new Moon is larger than that of the Sun, and 
then the Eclipſe is central, and total. 8 1 
VIII. You will next obſcrve, there is a certain Point 


in the Meridian of the enlightened Diſk, a little beyond 


the Pole, which, while the Globe is turning upon its 
Axis, does only juſt touch the Circle of Illumination, 


but goes not beyond it; in that very Part they view the 


Sun, in the South Point of the Horizon, neither {ſetting 
nor rifing, with the ſouthern Limb of the Moon juſt 
touching it on the northern Edge; and this is the Term 
where the Beginning of the Eclipſe ceaſes at Sun-rifing, 
and begins at Sun-ſet : For, 5 „ 

IX. When the eaſtern Edge of the Shadow has paſſed 
this Point, it will come upon thoſe Parts of the Surface 
of the Earth on the eaſtern Side, which are paſſing under 


- 


the Circle of Illumination, into the dark Hemiſphere; 


and in all thoſe Places which are traced out by the Eaſt 


Edge of the Shadow, applying to the ſaid Circle, the In- 


habitants will view the Eclipſe begin juſt as the Sun ſets, 
or they will view the eaſtern Limb of the Moon, and 
Weſt Limb of the Sun touching in the Horizon. 
X. The vertical Line of the Shadow, as it ſucceſſively 
applies to the ſeveral Parts of the Circle of Illumination, 
will trace out all that Part on the eaſtern Side of the 
Globe, to whoſe Inhabitants the Sun will appear eclipſed; 


in the greateſt Quantity that can be to them, at Setting; 


and in that particular Part where the Middle of the Line, 
or Center of the Shadow, touches the Circle, the Sun will 


appear centrally eclipſed at his Setting. 


XI. As the Shadow paſſes on, the weſtern Edge comes, 
by Degrees, on the eaſtern Part of the Circle of Illumi- 
nation, and the Inhabitants of all thoſe Parts which are 
on the Edge of the Shadow, under the Circle, ſee the 
Eclipſe end, or the Moon paſling off the upper Limb of 
the ſetting Sun. | : 

XII. During the Paſſage of the Shadow over the 
Earth's Surface, you will obſerve the Earth keeps regu- 
larly moving on upon its Axis, the ſame Way with the 
Moon's Shadow, from Weſt to Eaſt, by which Means it 
happens, that a much leſs . ee of the Surface of the 
Earth is obſcured by the Shadow, than would have been, 
had there been no diurnal Motion. 
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XIII. With regard to any one particular Place, as 
London, for Inſtance, you will obſerve, . that when the 
eaſtern Edge of the Shadow comes upon it, the Eclipſe 
begins; and when the weſtern Edge of the Shadow 
touches it, the Eclipſe ends : And when the vertical Line 
of the Shadow is upon it, the Eclipſe is the greateſt of 
all, and the Circle neareſt to it will ſhew the Digits 


2 5 | | 

XIV. The Time of any particular Phaſe is obſerved 
for any given Place, by the Hour Circle : Thus the 
Beginning of the Eclipſe at London is there ſhewn to be 


a few Minutes after IX, the Middle about twenty Mi- 


nutes after X, and End at about three Quarters after XI, 
and that there will be nearly eleven Digits eclipſed, —- 
Such, my Eupbroſyne, are the Appearances of a Solar 
Eclipſe, the general Rationale of all which, as exhibited 
in this Manner, I make no Doubt, will be ſufficiently 
evident to you. ns 3 

Euphroſ. I think, every Particular you have mentioned, 
we may, with proper Attention, deduce from bare In- 
ſpection:— But your Leſſon has been ſo long, and con- 
fiſts of ſuch a Number of Particulars, that I muſt take an 
Opportunity of recollecting, reconſidering, and practiſing 
them, at my Leiſure; for though it gives me the higheſt 
Satisfaction, to have but a general View, or Notion of 
Things of fo ſublime and intricate a Nature, yet it. can- 
not be expected that I, or any one, ſhould at once be- 
come acquainted with the Nature and Doctrine of Ecliples. 
I think myſelf extremely happy, that I have it in my 
Power to repeat theſe Phænomena whenever I pleaſe, by 
the Inſtruments you have been ſo kind as to provide for 
my Improvement in this Sort of Knowlege. | 


Clean. My Endeavours ſhall never be wanting to give 


. the beſt Idea of Things in my Power, and, ere long, 
Im 


ay put ſomething more into your Hands, that will 


contribute to facilitate your Knowlege of theſe Things; 
but it will be previouſly neceſſary, that you ſhould have 
ſome diſtinct Notion of what we mean by the Doctrine of 


thoſe Prejections of the Surface of the Globe which we 


call Mays and CHARTS: And this will be the Subject of 


| 
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DIALOGUE XIV. 


On the Nature and Uſe of Geographical Projte- 
TIONS, uſually called Mars and CHARTS 
with a Specimen of one of a New Conſtruction, 
comprehending the Weſtern, or Atlantic Ocean, aud 
his Britannic Majeſty's Dominions on the Conti- 
nents of EUROPE and AMERICA. 


Cleonicus. 


OU may think it, perhaps, ſuperfluous, my Eu- 
phroſyne, after we have dwelt ſo long on the Uſe of 
the Globes, to trouble you with any Thing more of a 
Geographical Nature; but, as I have hinted to you in a 
former Converſation, the Globes themſelves will not 
ſuffice for all Geographical Purpoſes, On the other hand, 
we are obliged more frequently to have Recourſe to what 
we call Geographical Projections of the ſeveral Parts of 
the Surfaces, on a Plain, which go by the common 
Names of Mays and Sea CHARTS; the ee of which 


contain a Part of the Earth's Surface only, the other of the 
Sea Coaſts and Oceans. | | 


Euphroſ. You need not be afraid of my being tired with 
ſuch uſeful and pleaſant Studies, as the Science of Geo- 
graphy affords; "eſpecially, as I apprehend the. Uſe of 

aps is fo very conſiderable, - that the greateſt Part of our 
Pleaſure in reading Books that give us an Account. of 
the ſeveral Parts of the World, is derived from thence 


for without them, ſuch Treatiſes muſt be very dry and 


unentertaining : Therefore, let me know as much of. their 
Nature and Uſe as you poſſibly can. 2 | 

Cleon. I will relate to you every Partieular that I thank 
can be of Service concerning them; and, in the firſt 
Place, we may obſerve, that they are of two Sorts, 
General and Particular; a general Map is a Projection 
of the globular Surface of the Earth, on two circular 
Planes, which ate uſually called Mays of the WorLD. 


The patticular Sorts, are only Maps of ſome particular 


* 
* 


eee q r . 8 : =O Fe 
e %% H w 
E 43 ; IIS I II Iv 2 3 ——̃ —— ee 
— — R S EE INST A nw penes 
— — * 2 — 


126 THE YOUNG GENTLEMAN 
Countries, Sea Coaſts, Seas, &c. How theſe are made, 
I ſhall ſhew in their Order, and obſerve to you, the De- 
ficiencies and Excellencies of each, and then preſent you 
with a new and general Map, of a Kind that has never 
yet been publiſhed. __ | 5 

Euphreſ. Theſe are Particulars I ſhould be very glad 
to be inſtructed in; and, in the firſt Place. pleaſe to let 
me know how the general Maps of the World are 

Cleon. I will; but, for this Purpoſe, you muſt call to 
your Aſſiſtance the Power of Imagination, and ſuppoſe, 
that you had a Hemiſphere, or Half Globe of Glaſs, and 
that the Baſe of this Hemiſphere was every where termi- 
nated by the general Meridian that paſſes through the 
Iſland of Ferro in the weſtern Ocean. Then you muſt 
imagine, that over all the Surface of this glaſs Hemiſ- 
phete, the various Continents, Kingdoms, Countries, 
Oceans, Seas, Sc. are all nicely drawn, in Water-Co- 
lours, ſo as to repreſent completely the caſtern Hemiſ- 
phere' of the Globe, divided by ſuch a- Meridian, 
Then, in' the next Place, ſuppoſe a Glaſs Plane were 
placed upon the Baſe of this Hemiſphere, and then both 
placed in a perpendicular Situation to the Eye, you can 
eafily conceive that all the Parts of the painted Hemiſphere 
will appear upon the Glaſs Plane, as if they were there 
projected by the Rays of Light drawn from every Part of 
the painted Hemiſphere to the Eye. | 

Euphroeſ. All this I can eafily image to my Mind: I 
could wiſh nothing was more difficult than the Power or 
Art of Imagination. But whereabout, and at what 


Diſtance mult the Eye be placed to view them as they 
appear in "Maps? For I readily underſtand, that this 
Glaſs Plane, with the Geographical Delineations upon it, 


is the Map you are ſpeaking of. „ 
Culeon. That is the very Thing.— The Eye, at a cer- 
tain Diſtance, views the tranſparent Hemiſphere, and 
ptojects its variegated Surface on the Plane: — But, 
according to the different Diſtance of the Eye, different 
Sorts of Projections will ariſe, and conſequently different 
Maps of the Hemiſphere will thereby be formed. 

Eupbroſ. Well, but fince the common Map of the 


World is in all our Houſes, my Curioſity induces me, 


firſt, 


* 
* 
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firſt, to inquire; where the Eye is to be placed for vier- 
ing the Hemiſphere to; as to produce ſuch a Map on the 


- 


glaſs Plane 3 LD 


Cleon. The Situation of the Eye in that Caſe, my Eu- | 
phroſyne, is exactly againſt the Middle of,the Hemiſphere, 


and that the Diſtance is half of the Diameter of the ſaid 
Hemiſphere, or Globe: Thus, for Example, ſuppoſe the 


Globe were twelve Inches in Diameter, then the Point 


of Sight, or Place of the Eye, is juſt ſix Inches nom the 
Center of the Hemiſphere.— The Eye, in that Foſition, 
or at that Diſtance, views, upon the tranſparent Plane, 
the Surface of the caſterti Geographical Hemiſphere ex- 
actly the ſame as you ſee in a twelve Inch Map of the 
World, in the right-hand Circle. 
Eupbroſ. I very clearly underſtand your Meaning 3 
and in the ſame Manner, the Map in the left-hand Circle, 
including America, is alſo formed; you need ſay no more 
to me on this Head, as I am fully ſatisfied of the Manner 
of making theſe Maps: But their peculiar Properties, or 
Character, I ſhould be glad to hear you rehearſe." 
Cleon. Theſe T will enumerate in Order; and firſt, it 


muſt be obſerved, that the globular Surface of the Earth 


cannot by any Means be ſo repreſented on a, Plane, as to 


preſerve that Proportion and Relation of all the Parts to 


each other, as they have on the Globe itſelf ; but an... this 
common Map, or Projection, we are now. ſpeaking of, 
that Proportion and Relation is leſs, preſerved, or the 
Countt ĩes mote diſtortedi than in any other Sort of Maps 
in common Uſe, even to ſuch Degree; that you, abſerye* 
the Meridians and Parallels are almoſt twice as near toge- 
ther in the Middle Parts of the Map, as they ate on the 
Outſide: Whereas on the Clube, they are every where 
at an equal Diſtance; hich Equality of Diſtance ought, 
as much as poſſible, to be obſeved in Maps: Since, when 
thoſe Diſtances are ſo very unequal, the Magnituges of 
the ſeveral Patts of the Country will vary greatly. from the 
Trutb, or from the Proportion which, they have among 
themſelves; Thus, for Inſtance, the lle of Madngaſcor, 
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in the Middle of ſuch a Map, appears near four Tm 
lefs than it would do if placed on the Outfide ; and the 
Iſland of Great Britain, near the Meridian, appears, in 
Proportion, as much larger than what it would do placed 
in the Middle of the Map.—Not only, therefore, the 
particular Dimenſions, but alſo the Bearings, Diſtances, 
55 other Geographical Relations of Places, are hereby 


much perverted, which, as they give wrong Ideas 
5 aphy, and lead the Mind to Error, muſt cer- 


5 Note this Sort of Map of very ill Conſequence to 
the literary Republic, and fit only for the Amuſement of 
Ignorant erſons, 

Eupbroſ. I thoſe Maps juſtly deſerve fo bad a Cha 
rater, as you have plainly proved, F would be glad to 
know bow they came into ſuch general /Uſe 3 - 

" Cleon." It is in this as in all other Caſes ; bad Thing 
generally have their Riſe eee, and are tine! 
by Cuſtom. 1 f 
* * that Mankind i into Slavery ales "= 


* hy, dull "One * Aue filly Things. 
| Roscommon. 


Ana there can be no cher digs for ſuch u vicious 

Sort of Maps, which are the ſtanding Opprobrium. of the 

Tearned World ;—but of theſe we have faid enough, and 

ro I deſerve. | 

7 What Sort of Projection, or Map, would 

you nr * as approachin Bir to the Proper- 
obe 


ties of a Geographical Map on the 
Con. To this 1 will give you an Anſwer in few 


Words: — There are certain Poſitions of the Eye, in 
which the Meridians will be projected, on the tranſparent 
Plane, at equal Diſtances from each other ; but there is 
n ene Potion of the Eye in which they appear ſo, 
However, it was always eaſy,” by the Rules of Art, to 


"draw them in this Manner, as well as all the Parallels, 
<equally diſtant in the” middle Parts of the Map; an 
*Snee, in this Caſe, the Inelination of Meridians is every 
where the Tame as on the Globe; and the Piſtanee ef the 
Parallels in all the middle Parts thefaine as on the Globe, 
"therefore this Projection has deſet vedly merited the Title 
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, World—of which this is a particular Specimen * which 
I preſent to you for your Uſe. _ 1 
Euphroſ. I am greatly obliged to you for this curious 3 
Preſent, and for the Care you take that my Ideas are | 
formed on the juſteſt Plan. I can, indeed, ſo readily 
_ perceive a Difference between theſe and the common 
Maps, that I cannot but wonder how one of ſo much 
Beauty, Elegance, and Truth, ſhould have been fo little 
regarded, in Compariſon to that vulgar, erroneous, and 
deformed one in common Uſe. ——I can eaſily perceive, 
that in this new Map of the World, the Countries have 
the ſame Proportion, nearly, as they have on the Surface 
of the Globe, fo much, indeed, that when I compare 
them with the Globe itſelf, I can ſcarcely perceive the 
Difference. —Pray, what other Maps of the World are 
there, beſides thoſe you have already mentioned ? 
Cleon. There are none of general Uſe ; ſome have been , 
made, by projecting the Surface of the Earth on the 
Plane of the Horizon, which have their particular Uſes. 
Others are made on a particular Scale, called Merca- 
tors Projection; in which the Meridians are all ftrait 
Lines, and parallel to each other; and in which the 
Degrees of Latitude increaſe in Proportion as the De- 
grees of Longitude decreaſe, in going towards the Poles ; 
but theſe are chiefly in Uſe in Navigation, though not 
altogether unworthy the Notice of any young Lady, or ) 
Gentleman, inclined to Philoſophical Studies. I need 
not inſiſt any longer on the Nature of general Maps, or 
their Uſes in finding the Latitude, Longitude, c. of 
particular Places, ſince theſe are common Topics you 
are, by this Time, full well acquainted with r. 
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* See the New GIOSUTAR PROJECTION, or Map of the 
World, with a Solution of all Geographical Problems, in a 
circular Space about each Hemiſphere : Alſo, the Map of the 
—_— at the Beginning of the Philoſophical Ge'graphy, 
age Jo © K c N ; n | | 
39 2 z 7 Sach of our Readers who defire a more particular Illuſ- 
| W ration of this Affair, may pleaſe to caſt their Eye upon a 
Diagram in Plate 39; where ABD is the Hemiſphere above 
defcribed, and A C D the tranſparent Plane on its Baſe; the 
Point E is the Place of the Eye, to view the ſeveral Parts of 
that Hemiſphere upon che Plane, according to the common 
92 | . „ Projection, 


* ww 4 


* 
* 


\ 
s 
F 
; 
} 
5 
o 
7 
7 * 
7 
q * 
In 
＋ 
5 
1 
14 
4 
* 
3 


C 
* i 
q 
1 
. 
[1 
i 
iy 
i 
if 
i 


err ergy ms FRG ro? x 


2 —— 
Pi Li bets pe gs 
* r 1 1 


Fe *, om ho 4 
40 — 
— — 
De — 
— _ * 


BY Urgent 


— —-— 


132 TEE YOUNG .GENTLEMAN 


Euphroſ. You intimated, there were different Sorts of 
particular Maps : I ſhould be glad to know their Difference 


and Peculiarities. | 


0 1 * 
r 1 "= 1 E 4 AO. 


Projection, that is, E C is equal to AC. The middle Point 
of the Hemiſphere at go will be projected on the Point C in 
the Glafs Plane; and if from the Point V the Line VE be 
drawn, it will repreſent the Ray of Light projecting the 80 
in the Point N; and if from the Point S we draw the Lis SE, 
it will be that Ray of Light which projects the 109 upon the 
Point P in the faid Plane. Now from a Table of natural Tan- 
gents it may be ſhewn, that A P. the Projection of 10% on the 
ide of the Plane, is almoſt twice as large as NC, the pro- 
jected Diſtance of 10® in the Middle of the Plane; and if 
Lines. were drawn from E to 20, 30, 40, 50, 60, and 709 in 
the Hemiſphere, they wou!d interſect the Plane in the dotted 
Lines which you ſee placed there by the ſame Numbers, and 
the Intervals between thoſe Lines on the Plane will be all 
unequal: But theſe are the ſeveral Points through which the 
Meridians are drawn, which ſhews the Reaſon why all the 
Meridians are at unequal Diſtances in the Equator ef our com- 
een 513; - 4 | Ck Ebel 
But if you now caſt your Eye on the other Side of the Hemi- 
ſphere, you will there perceive the Line CD divided into 9 
equal Parts, and the 80® at .W will be projected on the Point 
Mia the Plane, by a Ray drawn from W co the Point M, and 
meeting with the Axis of the Hemiſphere (continued out) in 
the Point G, which, therefore, will be the Place of the Eye in 
this Caſe, Then, on the Hemiſphere, from 10“ at T draw a 
Line through the Diviſion at Q. this will meet with the Axis 
of the Hemiſphere in the Point F, where the Eye muſt be placed 
from the Projection of the firſt 10% ; and ſince all the Intervals 
are equal between Q and M, the dotted Lines paſſing through - 
their Diviſions, there marked and directed to the correſpondent 
Numbers in the Quadrant D B, will all be directed to Points 
between F and G; and therefore, in Caſe of the globular Pro- 
jection, the Eye bas not one Poſition, but muſt be conceived 
to move through the Space F G, to view the ſeveral Parts 
which lie between D and B, in the ſame Proportion and Di- 
ſtance on the Plane C D, as they have in the Hemiſphere itſelf 
between D and B, If the Radius of the Globe CE be ſup- 
poſed to conſiſt of 100 equal Parts, then C F will be 160, and 
CG will be 175% 73 nota: a 5 A bes dite 
. * If the Eye be ſuppoſed removed to an infinite Diſtance, then 
will all the Rays proceed from the ſeveral Diviſions 
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Clem. Theſe, with reſpect to particular Places, are a 
much juſter Repreſentation of them than general Maps 
can be; for, if only one Kingdom or Country is to be 
repreſented, this may be done, nearly, with as much 
Truth as on the Globe itſelf, and is of much greater 
Advantage in one Reſpect than even the Globe, as it will 
admit of a much laiger Scale, and, of Courſe, a more 
ſpacious, diſtinct, and exact Delineation of any ſuch par- 
tioular Countrv. | — | 

Euphroſ. This I immediately fee the Reaſon of, fince 
a (mall TraQ, or Area, on the Surſace of a Globe, dif- 
fers very inſenſibly from a Plane. Thus, the circular 
Space of ten Degrees on the Surface of a twelve Inch 
Globe, differs but very little from the Plane, and yet 
comprehends the Iſland of Great Britain, and all the 
adjacent Country and Coaſt about it. On larger Globes, 
it muſt differ {till Jeſs from a Plane; and therefore the 
Parts of Great Britain, the Engliſh and Triſh Channel, 
German Ocean, &c. when laid down from a large Scale, 


' muſt be conſidered as Part of the Surface of a very large 


Globe. 1 | | 
Clon. What you obſerve is very juſt, and you may 
exfily know how large the Globe mult be, to have the 
Country of the ſame Dimenſions upon it as you ſee in the 
Map.—T bus, for Inſtance, if you ſee a Map in which 
the Degrees of Latitude on the Side thereof are Juſt one 
Inch in Length, then a Globe, of which that Map is a 
Part of its Surface, will be ten Feet in Diameter; for 


there will be 360 Inches in its Circumference ; becauſe 


each Degree is one Inch in Length, and the Diameter of 


luch a Globe being a third Fart of its Cireumference, 


* * + 4 9 


10, 20, 30. Oc. as $1, VK, willſhbe parallel among them- 
ſelues; and therefore the Projection of 10% in the, Middle of 
the Hemiſphere, by. the Ray VK, will be R C equal to V 

the Sine of 10“; But on the Side of the Hemiſphere the Pro- 
jection of 10%, by the Line 8 1, is no more than o A, Which 


3s the verſed Sine of 109, and is very ſmall in-Compariſon. of 


RC in the Middle. In this Projection, the  Meridians are 
Ellipſes, and conſtitute the Analemma, or Orthographical Pro- 
jeclion of the Sphere, of conſiderable Uſe in Aſtronomy, and 
will be hereafter more fully explained. REES 

| | 1 nearly, 
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nearly, or 120 Inches, which is juſt 10 Feet: — There- 
fore a Map, where the Degrees of Latitude are half an 
Inch in Length, will be the Part of the Surface of a 
Globe half ſo much in Diameter, or five Feet ;—If the 
Degrees in a Map are 4 Inch each, the Diameter of the 
Globe will be thirty Inches. On the other hand, if 
the Degrees of Latitude are two Inches long on any 
Map, then. ſuch a Map is Part of the Surface of a Globe 
twenty Feet in Diameter, and ſo in Proportion for De- 
grees of any other Length. OD | 
Eupbroſ. By this, I am at once convinced of the great 
Utility of particular Maps of Countries, fince they pre- 
ſent us with a juſt View of the ſeveral particular Parts of 
the World, as they would appear to the Eye on the Sur- 
face of ſuch very large Globes, which it is not in our 
Power to have. | | | | 
Cleon. But beſides what you have now very pertinently 
obſerved, there is one conſiderable Advantage accruing 
from ſuch particular Maps which we could by no other 
Means become poſſeſſed of: -I mean, that in ſuch Ma 
we can eaſily expreſs the true Form and N 
Countries, together with the Lengths of the ſeveral De. 
grees of Latitude in the ſame Proportion as they lie on 
the Surface of the Earth itſelf, that is, on the Surface of 
a Spheraid, and not of a Sphere or Globe : For, as any 
Globe we are capable of making will be much too ſmall 
to ſhew that Difference which would be very ſenſible in 
Globes of 20, 30, or 40 Feet in Diameter, we ſtill en · 
joy that Advantage in Repreſentations of the particular 
Parts of ſuch. very large Globes, in our common Geogra: 
phical Maps of Countries. me 
Euphroſ. If I underſtand you right, our Maps of 
Countries ſhould be taken from the Surface of a Spheroid, 
and not a Sphere; and that the Degrees of Latitude in 
them ſhould not be preciſely equal, as we find them in 
common Maps. 5 „ FO 1 


Cen, That is the Cafe. Our Maps are ſuppoſed to be 


the Repreſentations of Spheres, when they might, at the 


ſame Time, be as well made to repreſent a Spheroid of 


the ſame Dimenſions, wherein not only the Degrees are 
of an unequal Length, but likewiſe the Extent, Situs - 
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Gon, and Form of Countries are very different, on a 
Spheroid, to what they are op a Globe — Thus, for In- 
ſtance, the Situation of Anglaud, on the Surface of a 


Spheroid 10 Feet, is almoſt a whole Inch nearer to the 
Equator, than it is on a Globe of the ame Demeter” 
Alſo, a Map of 10 Degrees Extent, in the middie Parts 
of the temperate. Zone, will be larger than one of 10 De- 
grees Latitude near the Equator, and leſs than another of. 
10 Degrees within the polar Circle; whereas, our com- 
mon Maps of 10 Degrees Extent, for apy Fart of the 
Globe, are always equal. gc: wor e 
Zuphroſ. Such a material Point as this ng, would think 
would greatly excite the Curiolity of all the Critics, in 
Geography; and I wonder it has as yet been ſo very little 
attended to. 1 ln [5D - 445756 p 12 3 —_— 
Cleon. It would be a Wonder with every, one, 38 well 
as with yourſelf, were it not conſidered how great the 
Difficulty is to conquer any Thing, eſtabliſhed, by com- 
mon and. univerſal Practice. Our Logic extends ta 
little more than this: They have ever been made ſo, and 
therefore, they æuer muſti. And our very Critics themſelves 
have ſo much Candour and Ingenuity as to tręat every 
Thing with a ſupercilious Sneer, and to repreſent. as a 
Novelty, of no 3 or Uſe, whatever they have 
not the Fortune to hit upon themſelves: However, we 
thall always find Numbers who are candid and judicious 
enough to encourage any Invention which tends, to the 
Perfection of any Art or Science, though there were 
nothing elſe to recommend them: It has been largel 
ſhewn, that the Diſcovery of the true Figure: of th 
Earth is of this Kind, and that Geography, Navigation, 
Aſtronomy, and many other Sciences, receive yery great 
Improvements in many Particulars from it; And therefore 
ſuch a noble and important Diſcovery ought, not to.. be 
omitted, or negleQed in our Maps; for which Reaſon, a 
New SysTzM OF, GzoGRAPHY, for the Uſe of our 
Bruifs Youth, whoſe Maps are all formed upon a Plan 
of the new Diſcovery abovementioned, becomes abſolutel 
988 0 ry, if ye regard eicher the Truth or Honour of 
this delightful Science. of cography. "A DH 14% 
phraſe Such a Set 5 aps I ſhould gr 
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to ſee , as T have no Notion' of being ſatisfied or con- 


no Map has been bitherto conſtructed on the Plan, I have 
been at the Trouble of drawing one myſelf, on Purpoſe 


bang? 3, = 
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can hardly tell what they are 


7 
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tented Piel a bad Thing, when better may as well be 
had; for I apprehend there is no more 'Buponcs or Diff 
culty attending the one, than the other, | 

OCieon. There is not in the leaſt: and you will ſhortly 
be gratified in this Reſpect. ——T here is yet one other 
Species of particular Maps, which is quite of a new In. 
vention; and as it is a great Curioſity of this Kind, and 


to make you a Preſent of it, as I wiſh to bave nothing 
new or cyrus go beſide 7 or come to you as Second. 


Eupbro 4 ey. let me look at it. It ſee to be an 

elegant Deſign ; and differs 8 from the Ap- 
tante of other Maps; but in ſuch Particulars, as I t 

I ſee it 1s very capa - 

cious, and takes in large Lracts of the Continent. of Eu- 

rope, Ajie, and Africa, on one Side, and of North Am- 

rica and the Mai- Indies on the other Side, with a View 


of all the Atlantic Ocean between them; and yet, methipks, 


q 
] 
i 
the Map is not large, for ſuch an extenſive View. £ 
leon. Fhere is ſomewhat very ſingular in the Con- 0 
ſtruction, as well as the Form of this Map. Would 2 
you ever have thought of a Repreſentation of the Surface j- 
E 


of the Globe, by a Part of the Surface of a Cone? And 


yet you Will eafily underſtand” that this is the Caſe in 


pen ap to the Map under Conſideration; for yo & may 0 
plainly fee, that the Form of the Map ieſelf- beipeaks | 
to be a Part of the Surface of a Cone; z—and the Surface al 
of a Cone you know, may be eaſily formed of any plain bo 
Piece bf Paper, cut into à circular Form or Baſe; and ſy 
you will as eafily" cbnſider, that if a Cone; about twice ö 
the "Height" 6f the; rn of the _ were to th 
8 at | =Mk:30 , 433g M 
. Be 1 ie it = + 2 : SY - 5 1 MET £77 5 Wy M 
*, The 5 Sys STEM Fr re eh for 5 Uſe of x 
a. 35 that 1 which is now publiſhed und r the Title of : 
 FarLOSOPHICAL GEOCRaPHY, In which It the Maps are | 
ſtrictiy the Repreſentations of ſo many Parts of the [pheroigical Bu 
115 gure of ihe Earth, and the Degrees of Latitude divided into di; 
ioutes; alſo the Difference berween thoſe Degrees, as they th. 


lie on the * and Sprere, 1 is ſpecified 1 in every Map. | Me 
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be od as ſtanding on the ſame Baſes with the He- h 
miſphere, that is, on the Equator, the Surface of ſuch a 
Cone would. in Part lie- within the Surface of the Globe ; 
and then, nothing can be eaſier than to ſuppoſe that the 
Surface'of the Globe, at ſo ſmall a Diſtance from the 
Surface of the Cone, might. be very eaſily projected and 
delineated upon it; and in ſuch a Caſe, the Proportion 
of the Countries, and their Bearings, Diſtances, c. 
will be nearly the ſame on the durface of the included 
Part of the Cone, as on that of the Globe itſelf; and 
when ſuch a geographical conic Surface is cut out, and 
expanded, it makes the Map which you have in your 
Hands. — The principal Peculiarities of this Map are as 
follows. 

I. All the Meridians are right Lines, but converge 
towards the Vertex of the Cone, as the circular Meridians 
on the Globe converge towards the Pole. 

II. The Diſtances, North and South, are exact; and 
auy Meridian will ſerve as a Scale, to meaſure theſe 
Diſtances, by, in this Reſpect ; ſo far as. the Map extends, 
it is, indeed, as true as the Globe, on which the De- 
grees . of Latitude are all equal; but neither this, or any 
other Map, or Chart, can have. the Diftances, North 
and South, ſo true as thoſe which are made from a Pro- 
jection of che Spheroid, as I have before obſerved to you. 

III. The Parallels of Latitude, in this Map, are all 
Ea diſtant, or u parallel to each other, as boy are 
on the Globe. 

IV. The Neridlians aud Parallels interſect each other | 
at right An; gles, as on the Surface of the Globe. 

V. As ſuch a. Cone, on which this Map is made, is 


1 to paſs through the Surface of the Globe in two 
Places, the Parallels of Latitude, in thoſe Places Where 


the Cone interſects the Globe, will be the ſame in the 
Map as on the Globe itſelf, i. e. all Diſtances Eaſt and 
Weſt may as truly be meaſured upon them; which Paral- 
lels, in the Map before 1 . are TE of 20 and ry 
Latitude. | 

VI. But ſince ik Middle Part of the Map on the 
Surface of che Cone lies within the Globe, the Meri- 
dians on that Part of the Globe will be at a greater Diſtance 
Fa. thoſe TI. 1 the Meridians projected on the ang 

1 an 


5 


per Diagram. 
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and, conſequently, the Parallel of 35%, and thoſe near 
it, will be deficient from the Globe, or give a leſs Di- 
ſtance than what is juſt; or any two Places on the Mid- 
dle of ſuch a Map muſt be repreſented ſomething nearer 
together than they are upon the Globe, if their Longi- 
tudes be exactly expreſſed. ed da 10 

VII. On the other hand, thoſe Parallels which termi- 
nate the Map have an Error in Exceſs: Thus the Parallel 
of 10 and 60, as they are projected from Parts of the 
Globe which lie within the Cone, muſt have à greater 
Space between the Meridians than their correſponding 


Parallels on the Globe have: And thus, Places in thoſe 


Parts of the Map are repreſented at too great a Diſtance 
from each other. > | 15 ö 
VIII. The quadrangular Spaces formed by the Meri. 
dians and Parallels, have their Diagonals equal to each 
other, as on the Globe itſelf; which is a Property pecu - 
Har to this Projection, which is not a rectilineal one. 

IX. The Quantity of Surface repreſented on this Map 
is_exaQly the ſame as that of the fame" Extent on the 
Globe itſelf, and therefore differs no more from the Truth 


of the ſpheroidical Projection, than a Globe does from a 


Spheroid, which is the true Figure of the Earth s. 

X. As the Errors in one Part of the Map are in Ex. 
ceſs, and the other in Defect, and the Extent of each 
nearly equal, they will, upon / the Whole, in a great 
Meaſure compenſate each other; and ate in general of the 
leaſt Quantity they can have in the Map deſigned. 

XI. As a Thread extended from any one Place to an- 
other, on the Map, will, when the Map is reſtored to 
its conic Surface, ſtill paſs through the ſame Points, 


therefore the ſhorteſt Diſtance between any two Points 


on this Map is the right Line that joins them; and there- 
fore ſuch Diſtances applied, by the Compaſſes, to a gra. 


2 


«x Y 
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As ſome of our young Mathematicaf Readers may be 
deſirous of ſeeing a Demonttration of the Nature, and Con- 


ſiteuction of this Map, and the ſeveral Properties here enu- 


mezated, deduced therefrom, we have thought proper here to 
add it by Way of Note, and to illuſtrate the Tame with a pro- 


The 


The learned Au- 28795 At 
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duated Meridian, will very nearly ſhew the true Diſtances 
of the Place repreſented in Degrees, Miles, or Leagues, 
as is done by the Quadrant of Altitude on the Surface of 
the Globe itſelf, | DE _ | 


LY 


—— 


thor of this Inven- | 1 „ 
tion has given us 8645 . B 
the Theory there- Bets 42 92 Re 
of from Archimedes, | | 

but as we can eaſily 
derive it from our | þ | XV 
own Inſtitutes, we Fg Wy 
apprehend that will | 35 | P 
be moſt apreeable 7 * — 8 
to our . 1 2 . e iba 

Let EMP be the . ; 
Quadrant of a Me.. dE 
ridian of a Globe | 
twelve 2 Dia- A 

meter; whoſe Cen- | | 

ter 1s C, and Pole | S 
P. EI, E L., the ; ; 

Latitudes of two Lf | | 
Places in that Me- | FE 
ridian; E M their , ”o 

middle Latitude. 

Draw CM and | | 3 2 | 
therein find 2 % Ne TY 

Center of Grawi | e 
(x) of the Arch L 1, (by 1075) and thro? x draw Q # perpen- 
dicular to C M, it will iaterſect the Arch LI in the Points y 
and æ equidiſtant on each Side from the Point M. Laſtly, in 


_ the Line Qz, make x R, and x7, equal to the Arches MIL. 


and MJ, reſpeQtively ;\ then the conical Surface generated by the 
right Line es while the Figure rewolues about the dais C t, 
will be equal to the Surface of the Zone of the Globe that is de- 
ſeribed at the ſame Time by the Arch L M, (by Init. 1085.) 

For Example, by the Problem (Inſt. 1077) we bave Cr 
SELL NY. which gives this Analogy ; as any Arch M L i 
to its Sine L B, fo is Radius © M 1 Cx, 'the Diffance of the 
Center of Gravity æ of twice that Arch, Eh 

In this new Map: the Extent or Difference of Latitude ts 
50* LI; therefore MEL=25 = 2,6179 Inches to a —_ 


2 
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XII. In Maps of this Kind, which are but of ſmall 


Extent in Latitude, as 10, 15, or 209, the Errors in 
Geograpby will be extremely ſmall, and may be looked 


upon as ſufficiently exact for any common geographical 


Purpoſes. 
+ — enlarge farther on the Novelty and Peculiari-- 


ties of this Map, and ſhew its Uſe likewiſe as a nautical 


Chart; but as theſe Things will not immediately concern: 
you, I {hall wave them for the: preſent, as I fear 1 have 
almoſt tired your Patience already, by is tedious an Ha- 
rangue. 

Euphroſ. You know my Propenſity to Science, and 
the Pleaſure I take in being acquainted with all new and 


_ uſeful Inventions, will ever render your Diſcourſes, on 


ſuch. Subjects, grateful and acceptable: And as this Map 
is not only ſingular in its Kind, but likewiſe contains ſo 
latge a View of all the Continents of the World, and 
that Part of the vaſt Ocean which England is:more par- 
3 intereſted in, it girez me the „ Pleaſure to 

. © peruſe 


— — 


of 6 Inches (ſee Inft. 885. ) Allo, the Sine B L, of the dg 
Arch is 2,5358 Inches, therefore ſay, ; 
As the Arch ML 2,6170 — 0. 47983 


| Is to its Sine BL = 2 8 -—"0,404<99 _. 

1 201 is Radius CM = Fg a 8771 1 | 
2 | OT 1182250 
To the Diſtance er 16 n, 4 
So that the Side of the Cone Q? falls within the Zone L Mt 
about + T of an Inch = = Mz, which i is the. verſed Sine of 6) : 
24 = M zor My 

From this Confleuckiom it! is erident that i in a Map * on 


| the conic Surface between R and v, the Diftance of the Meri⸗ 


dians in the middle Part at x will be leſs than on the Globe at 
M; and on the extreme Paris at R and , they will be wider 
aſunder than on the Zone of the Globe at L and 1; and laſtly; 
at 4. and y they will be equidiſtant on the Cone aod Globe. 
It is farther evident, that as the Point M. advances to the 
Deakin E, the Point / will arrive at and paſs the Equator into 
ſouthern Lande; till at laſt the Point M coincides” With E, 
the Cone becomes a Cylinder, and che Map takes in equal. De- 
grees of both Latitudes, but its Properties otherwiſe continue 
the fame, Upon the Whole it appears, that a Map i in no Kind 


of Projection can be ſo true and perfect as on n Globe uſelf, 
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ruſe it. I here ſee our Situation with reſpect to 
neighbouring Nations, and other Parts of the World. 
view his Britannic Majeſty's Dominions in all Parts of 
Europe and America: I ſurvey the Coaſts, Roads, and 
Tra which our Fleets purſue in their deftined Depart- 
ments in the remoteſt Parts of the World — The 
Ocean is chequered with Iflands, the Az:res, Madeira, 
Cape Verd, Canary, the Bermudas, the Caribbee and Baha- 
ma lflands ; with the African and American Coaſts. 
In ſhort, I ſhall always look on this Map as one of the 
preateſt Curioſities in my Poſſeſſion, eſpecially as it is 
an Improvement in that Science which of all others, 
though the moſt uſeful, has been the moſt neglected by 
Men of Genius and Learning, as you have more than 
once informed me. Fr TESTO 


DIALOGUE XV. 

The various Phenomena of the TRANSIT OF Venus 
over the. SUN, June 6, 1761; 7ogether with the 
Uſes thereof, in diſcovering the PARALLAx and 

Diſtance of the Sud and PLAN ETS: Exhibited and 


tMuſtrated by the TERRESTRIAL GLOBE, and an 
” aftronomical Diagram. | | 


997 5 77600000 s 
Uk Drift of my Endeavours, in all our paſt Con- 
verſations, has been to embue your Mind with the 
E Principles of Aſtronomy and Geography, ſo far as they 
could be ſuppoſed uſeful and becoming to one of your 
er; and my Experience has ſatisfied me, that thoſe 
"cram have afforded you an agreeable Amuſement and 
CALUTE, _-; P N gat ai | | & 
Euphreſ. Indeed, Cleonicus, they have; and I ſhall 
Ways reckon the Hours, ſo ſpent, make the happieſt und 
molt pleaſurable. Part of my Liſe :—I begin to ſuſpect, 
by What vou ſay, that you ate coming to a Concluſion of 
thoſe molt entertaining Studies. 
en. When they are finiſhed, others will offer equally 
eeable; but there is, my Zuphroſyne, one Phænomenon 
| yet 


* 
- 


remove, we mult hope for the beſt; I am as 
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yet to come, that is both of an aſtronomical and geogra. 
phical Nature: A Phænomenon by far the nobleſt that 
all Nature affords, and on which the greateſt Thing 
depend :—lIt is what I was the other Day mentioning to 


ſome Gentlemen when you was in Company, and I ob. 
ſerved you paid a more than ordinary Attention to it at 


that Time. | | | 
1 6 You need ſay no more, Cleonicut; I recolleQ, 
and ſhall never forget what you told us at that Time, of 


the Tranſit of Venus over the Sun's Diſk, —1 can aſſure 


you, it has been in my Thoughts almoſt ever ſince ; and 
there 1s ſcarce any Fhing at which I more rejoice, than 
the Thoughts of its being ſo near at Hand, though, from 
fome Part of your Diſcourſe to thoſe Gentlemen, I an 
afraid of two T hings : The firſt is, whether we may be 


| 8 to enjoy fo curious a Sight, on Account of the 
eather ; and, ſecondly, whether I may be capable of 
underſtanding ſo much of the Nature of it, as to be ap- 


prized of its great Uſefulneſs and Advantage to Mankind, 
on which you then ſo largely deſcanted. 
Cleon. The firſt of your Fears it is not in my Power to 
full of Ap- 
prehenſions on that Account as you yourſelf can be: No 
— to Aſtronomers will be ſo malignant and diſaſtrous 
as a cloudy Day on the Gth of June, 1761; — Avert i, 
Heavens ! ought to be the Prayer of all that wiſh well to 
the Sciences.—But as to the other Aﬀair, your Capacity 


ol underſtanding the Circumſtances of this Phenomenon 


(excepting the Mathematical Part only) is out of Diſ- 
pute, eſpecially when you are aſſiſted by the Uſe of the 
terreſtrial Globe, and a proper Diagram repreſenting the 
Motion and Parallaxes of thoſe Luminaries. | 
" *Buphroſ. You ate always ready to encourage me in the 
Purſuit of theſe Studies; but in regard to this Particulat 
Phenomenon, I obſerve, you make Uſe of ſome Words 


of which I have not the leaſt Idea; the Parallaxes of 
Fenus and the Sun, which fo frequently occurred in your 
Diſcourſe, are what I know nothing of, —You told them, 


that the Parallax of Venus would be difcovered by Means 
of that Tranſit ;——that by the Patallax of Venus, the 
Parallax of the Sun would be diſcovered ;—that the Paral- 
lax of the Sun being known, the Diſtance of the Earth 


and 


the 
Parti 
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and all other Planets from the Sun, and from each other, 


would become known alſo.— Theſe are great Things, 


it is true; but as they all reſult from Parallaxes, it is at 


preſent all parallatical Myſtery to me. 

leon. Ye 

Parallax, my Euphroſyne; I own, it is Greek, and has a 
harſh Sound: But this is not the only Greet Word that 
has a harſh Sound, and an eaſy Signification ; for the 
Idea it conveys is as ſimple and as eaſy as any Word can 
poſſibly have :—It means nothing more than the Dif- 

ference of Place in which any T hing will appear when 
ſeen from two different Poſitions of the Eye, as will be 
ealy to illuſtrate my Example.—I take this Candle and fer 
it on a Table againſt the Wainſcot, on the other Side of 
the Room; Then, as you fir on that Side the Fire- 
place, and I on this, if we both look at the Candle- at 

the ſame Time, we each of us ſee it in a different Place, 

or on different Parts of the Wainſcot ; for the Place here 
meant is not the real Place of the Candle, but that on 

which it appears on a Plane, placed on one Side or the 

other: — and thus yog may conceive, if an Eye was 

placed in the Center of the Earth, and another on the 
Surface, and both together were to view the Planet Venus 

as ſhe paſſes over the Sun, then the Face of the Sun is 

to be conſidered as a Plane placed beyond the Planet, 


and on which the Planet will appear in two different 


Parts, as viewed by the Eye in two different Pofitions, 
viz, the Center and Surface; and this Difference of 


Place is what we call the Parallax of that Planet. Bur 


this will be much eaſier to conceive from a Diagram, in 
which yon will, by and by, ſee this whole Affair repre- 
fented.—At preſent, your Buſineſs muſt be to familiariſe 
this Phzxnomenon to your Mind, by a Repreſentatien 
thereof, under all its yarious Circumſtances, by Meane 
of the terreſtrial Globe, in which you will find no Sort of 


ifficulty. | 


 Eupbroſ, You will firſt put me it a Method how L 


muſt go about it; for without ſome previous Inſtruaion, 


notwithſtanding all you have faid concerning the Ufe/of 
the Globe, it will ſtill remain uſeleſs to me in this. 
8 F 3 11 5 „ 1 a 
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Clin. What you now ſay proceeds only from your not 
conſidering one Thing, viz. that the Subject, or Tran- 
fit of Venus, is on the Face of the Sun, and, conſequently, 
that you have little more to do than to practiſe thoſe: Pro. 
blems over again which require you to. find all thoſe 
Parts of the Earth where the Sun is viſible in the Meri- 
dian, or in the Horizon, as Riſing or Setting, on any 
given Day or Hour. | þ 1 

Euphroſ. By what you now ſay, I ſuppoſe the firſt 
Thing I have to do is to find the Sur's Place in the 
Ecliptic for June 6, 1761 : But to what Houts of that 
Day is the Problem limited ? | 
Clem. The Moments of the Beginning and End of the 
Tranſit are the principal Times to be regarded, and all 
the Time between them, of Courie :—' heſe Moments, 
according to the ſagacious Dr. Halley's Account, are 24 
after two O'Clock in the Morning for the Beginning, 
and End at 29“ after IX in the Forenoon, 7. e. Venus 
will be ſeen a round black Spot in the Face of the Sun, 
touching the eaſt and weſt Limb thereof at thoſe Mo- 
ments, juſt in the Manner you ſee heie repreſented in 
this Print, of which more by and by. But to return 
to the Globe: As the Tranfht begins at the Time ſpe- 
cified, the firſt Thing you have to do will be to find all 
thoſe Places of the Earth where the Beginning' of the 
Tranſit will be viſible, _ „ 1 

Euphroſ. In order to that J obſerve, for the given Day, 


the Sun's Place is in the 169 of Gemini, and its Decli- 


nation 229 30“. Now, as the Globe muſt be rectified 
to that Degree of Declination, I muſt bring the faid 
229 30” on the North Part of the Meridian to the Hori- 
zon: Then I bring the City of London to the Meridian, 
and hold it there while I place the hour Index to twenty 
Minutes after II in the Morte: This done, 1 


revolve the Globe till the Index points at the Hour of XII, 


and then T-obſerve that all the Hemiſphere above the Ho- 
rizon will ſee the Sun at that Time, and conſequent! 
view the Beginning of the Tranſit, which therefore wil 
be viſible to almoſt all 4/a and a great Part of Europe; 
but to the weſtern Part of Norih America only. -By 


caſting my Eye below the Horizon, I ſee the whole Con- 
tinent of Africa, with great Part of Aa, Europe, and 
America, 


Ameri 
Venus 
of Gre 
Cleo 
ſne; 
Point t 
Beginn 
ſetting. 
Eupl 
for all 
obſerve 
ing upc 
midlani 
and Ar. 
Sun-ſet 
Horizor 
Wales, 
Cleon 
ſerve, t 
laſt men 
Mouth « 
the Hor 
Tranfit 
why I ol 
will nex 
Middle 
55 paſt 
Euphr 
to bring 
Index to 
till it pot 
Warth wh 
10ble, V 
Part of 
unleſs Ja 
It is farth 
reſtern l 
he Suner 
ver his 1 
Land, an 
"hznome: 
Ocean the 


Vo. 1 


| AND LADY's PHILOSOPHY. 145 


America, deprived of this glorious Sight, the [ngre/s cf 


Vmus upon the ſolar Diſk, and amongſt them is the Iſland 


of Great Britain, | a 
Cleon. So far you have performed very well, my Eupbhro- 
ne; but with regard to this Tranſit, it is a material 
Point to know in what Parts of the Earth the Ingreſs or 
Beginning, of the Tranſit is viſible at Sun- riſing and Sun- 
ſetting. | 
Bupbraſ This is ſeen in the ſame Poſition of the Globe ; 
for all thoſe who are in the weſtern Horizon of the Globe 
obſerve the Sun riſing, with the Planet Venus juſt enter- 
ing upon its Diſk : duch are all the Inhabitants of the 
midland Parts of Sweden, Muſcovy in Europe, Afia Minor, 
and Arabia, —And thoſe to whom the Tranſit begins at 
Sun-ſet are ſuch as lie under the eaſtern Edge of the 
Horizon, ſuch are all the Parts of New Britain, New 
Wales, and the more weſtern Parts of North America. 


Con. Very good, Siſter—You will particularly ob- 


ſerve, that Hudſon's Bay is among the Number of thoſe 
aſt mentioned Places, and, eſpecially Port Nelfon at the 
Mouth of Tor River, as it has a little Elevation above 
the Horizon, and therefore will ſee the Beginning of the 
Tranfit about 4 of an Hour before Sun- ſet : The Reaſon 
why I obſerve this, you will ſee by and by.— You 
will next let me ſee all the Parts of the Earth where the 
Middle of the Franſit will be viſible, which happens at 
55 paſt five in the Morning with us. | 
Euphroſ. For this I have nothing more to do than only 
to bring London to the Meridian, and placing the hour 
Index to the given Time; then by revolving the Globe 
ul it points to XII at Noon, I view all the Parts of the 
Earth where the middle Moment of the Tranſit will be 
rilble, which will be in all Europe, Aſia, the greateſt 
Fart of Africa, but ſcarcely in any Patt of America, 
unleſs Fames's Iſle and Greenland be reckoned ſuch. 
t is farther evident, that all thofe Places that are in the 
reſtern Horizon, viz. the weſtern Parts of 4frica, ſee 
he Sun-rifing with Venus half Way advanced in her Path 
ver bis Diſk : But in the eaſtern Horizon there is no 
Land, and conſequently pop to obferve this Part of the 


hænomenon at Sun-ſet, but ſuch as are failing on the 
Ocean there. 77 : 2 | 
„„ 
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-, Minutes.——You will, in the laſt Place, ſhèew all thole 
at- XII o'Clock, and at Sun-fet. +» 


= told me was balf' an Hour aſter IX, ——therefore | 


then vertical. 


over their Heads, which I ſee is a Place I have hend 
much talked of, the eaſtern Parts of the Kingdom of Ba. 
ga, near the Mouth of the River Ganges. & 


points to XII, and caſting my Eye on the weſtern Hot. 


and the eaſtern Part of the Brazils in Scuih America wil 
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* Clem, All this is fo far very well, my Euphbroſn, 
but there. is one Thing farther to be obſerved, while the 
Globe remains in this Poſition, and that is, you are to 


take particular Notice of thoſe Places which lie under the 
Meridian at the ſame Time, and conſequently ſee the 


Middle of the Tranſit at XII o'Clock, and amongſt them, 
to obſerve that Place more eſpecially to whom the Sun 


Euphroſ. The Places which lie under the Meridian at 
all the midland Parts of Aſia from Nova 'Zembla to the 
Eaſi Indies, and thoſe. whole Latitude is equal to the Sur 
Declination, viz. 229 30, mult have the Sun vertical 


Clem. This Particular you will bear in Mind for a fer 


Places of the Earth where the Tranſit ends at Sun- riſing 


ws 


* Euphroſ.. The End of the 'Tranfit, if I remember right, 


ring London to the Meridian, and place the Index to'the 
given Time, then turning the Globe about till the Indet 


z0n, I obſerve, that a few. Inhabitants of North Ameria 


view the Sun riſing, with the Planet juſt making its Exit 
from its Diſk In the eaſtern Parts of the Horizot 
there is very little Land except New Guinea, New Hu 
land, and the Iſlands called the Ladrones on the Eaſt d 
Aſia, to view the End of the Tranſit at Sun ſet. And 


_ thoſe Per ſons who lie under the Meridian, as all the mid- 
land Parts of Auſcovy in Afia, of Syrie, the Red Sea, and 


eaſtern Coaſt of Africa, view the, End of the Tranſit i 


Noon: And amongſt them, thoſe at Zo4da, on the eaſtern 
. Coaſt of the Red Sea, have the. Sun then vertical 10 


„50 8 | 
Clean. Indeed, my Zuphroſyne, you have excellent 


well executed what relates to the Geographical Part e 


this Tranſit, as far as we have hitherto conſidered it. I 
remains now, that we make the” proper Ule of it in dil. 
covering the different Times of the Continuance, or Du- 

e ration 


that great Phænomenon 
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ration of the Tranſit, as it may be obſerved from different 
Parts of the Earth's Surface. — But in order to this, it 
will be neceſſary you ſhould be advertiſed of one Thing, 
and that is, that when we behold any Body in Motion, 
the Celerity, or Quickneſs of the Motion will be diffe- 
rent, according to the Circumſtancesof our own Situation, 
in regard to Reſt or Motion: For, (1.) If we our- 
ſelves are at Reſt, we fee the Body move with its true, or 
real Celerity of Motion. (2.) But if we ourſelves move; 


and the ſame Way with the Objects, its Motion, or Ce- 


lerity will appear to us. to be leſs, or flower than it really 


is. (3) If we move the contrary Way to the Object, 
it will appear to move much quicker, or with a greater 


Celerity of Motion than it really has. i 
Euphroſ. This laſt Obſervation I remember to have 


. often ſeen verified in a Stage- Coach; for as I have been 


oing to, or coming from Town, the Coaches which we 
have met on the Road have always appeared to paſs by us 
with a Motion much ſwifter than we were well aſſured 


they really had. As to the firſt Obſervation, it is 


evident io common Senſe ; — but the ſecond requires 
ſome Attention,” though not a great deal, when J con- 
ſider that oftentimes going upon the Thames in a Boat, [ 
have obſerved the Boats that we meet always appear, like 
the Coaches, to paſs by us with a Motion much greater 
than our own; but thoſe which we overtake appear to 
move as much ſlo wer. 1 8 
Cleon. I imagine you would eaſily recollect how com- 
monly thoſe Politions are verified by Experience ; and 


you willy at the ſame Time, make this natural Inference, 


that the ſwifter any Motion is, the leſs Time will be 


ſpent in paſſing over any given Space, and the flower the 


Motion, a longer Time will be require. 
Euphroſ. This alſo is too plain to admit of any Heſi- 

tation; but what is all this to the Tranſit of Venus? 
Clem. Thele Things "rightly conſidered, are ſo much 

to our Purpoſe, that they, contain the whole Rationale, of 


** 


For (I.) H an Eye be placed at the Center of the 


Earth, (or any where on its Surface without Motion) 
then it is plain, if it views the Planet paſſing + before the 


Diſk of the Sun, it will ſee it move with its proper, or 
| _ 1 2 | i rea 
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real Velocity of Motion, fo as to tranſit the Diſk in about 
ſeven Hours and Twenty Minutes : But (2.) If the 
Eye be placed on the Surface of the Earth,” confidered in 
Motion, then it is plain, that while the Globe moves on 
its Axes, thoſe Parts of its Surface which paſs under the 
ſouthern Part of the Meridian moves in a contrary Direction 
to thoſe which paſs under the northern Part, with reſpect 
to any particular Point, or moving Body at a Diſtance in 
the Heavens: Thus in the Time of the Tranſit, you 
ſee on the terreſtrial Globe, that all the Part of Arabia 
and the Indies move under the ſouth Meridian from Weſt 
to Eaſt, and thoſe in North America at the ſame Time 
move (with reſpect to Venus upon the Sun) in a contrary 
Direction, viz. from Eaſt to Wet, under the northern 
Part of the Meridian. And therefore (3.) it is 
plain, that ſince the Motion of Venus is from Eaſt to 
"Welt upon the Sun, the Inhabitants of the Indies, who 
move in a contrary Direction, will view the Planet 
moving with a ſwifter Motion over the Sun than it really 
has; ſo that the Time of the Tranſit to them will be 
ſhorter than before, vi. it will continue about ſeven Hours 
nine Minutes — But as the Inhabitants of North Ameri, 
about Hudſon's Bay, move the ſame Way with the Planet, 
ſhe will appear to them to move ſlower, and therefore will 
be a longer Time in paſling over the Diſk, viz. about 
ſeventeen Hours twenty-ſix Minutes. a | 
Euphroſ. Well, one would not imagine that the Nature 
and | heory of ſuch important Doctrines depend on fuch 
trivial Obſervations as you mentioned; but I am thorqugh- 
ly ſatisfied now of their Neceſſity and Utility.— But 
why does Dr. Halley delegate us to thoſe diſtant Regions 
for viewing this Phznomenon ; cannot the Philoſophers 
do it as well at home as abroad? Thoſe Climates are very 
different in their Nature, and may neither of them be 
azrecable to Engliſh Conſtitutions, beſides the Danger, 
Difficulty, and Expence attending long Voyages. 
Clean. There are Reaſons enough for his doing this, 
my Eupbroſyne; the (1ſt) is, that ſuch Places ought to 
be choſe for the Obſervation, where the Beginning and 
End of the Tranſit can be ſeen; but the Beginning can- 
not be feen in any Part of Great Britain. For once 
more turn the Globe about, to view thoſe Places m_—_ 
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the Beginning is viſible, and you will ſee the northern- 
moſt Parts of Scotland. the Orkney Iſles, and even Shetland 
itlelt, all below the Horizon at that Time? | 


Euphroſ 1 ſee they are; but how then am I to under- 


ſtand the Doctor, when he ſays, Perhaps the Ingreſs may 


be ſeen at Sun-rifing by that very People who I now ſee 


are below the Horizon at that Time? 2 


Cleon. J confeſs, I know not how to anſwer your 


Query, unleſs the Doctor ſuppoſes the Refraction of the 


Atmoſphere is ſufficient to elevate the Sun to their View, 
+ before it be really riſen. 


Euphroſ. The Reaſon which you have. given is very 
ſufficient for going to ſome one Place to obſerve the 


Tranſit ; but why is any one Place, for Inſtance, Bengal, 


more eligible than another? | 
Cleon. The Doctor does not recommend Bengal, as 


more proper for the Obſervation than any other Place in 


the Zaft Indies, but he mentions that in particular, as 
being an Engliſb Factory, and that particular Part of the 
Earth's Surface over which the Sun will be vertical at the 
Time of the Middle of the Tranſit: He repreſents it as an 
indifferent Matter, whether the Obſervation be made at 


Bengal, or Fort St. a, hl rt called Madras, 


or at Bencoolen, on the weſtern Coaſt of the Iſland of Su- 
matra, near the Equator: He alſo recommends Pondi- 
cherry, on the weſtern Coaſt of the Gu/ph of Ganga, to the 
French; and Batavia, the famous Emporium in the Iſland 
Java, to the Dutch, as being very proper Piaces for ob- 
ſerving the Tranſit, by the People reſiding there; and 
there is very good Reaſon for making as many Obſer- 
vations as poſſible; in the ſeveral Parts of the Indies, and 
as near the Equator as may be; becauſe they will be there 
farther from the Earth's Axis, and obſerye the 'Franfit to 
the greateſt Advantage that can be, on that account. 
Euphroſ. If thoſe Parts are ſo advantageous, which are 
near the Equator, why then are not both the Obſerva- 
as to be made there, and ſo make one Trouble ſerve for 
r | e ; 
Cleon. You will eaſily ſee the Reaſon why that cannot 
be, by caſting -your Eye on the Globe? for if you now 
rectify it as you did before, for the Beginning of the 
Tranſit, you will find that the. nocturnal Obſervation, 
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or that which is to be made at Sun-ſet, impoffible in any 
lefs. Latitudes than 239 North, and there only in the 
ſouthern Parts of California, there being nothing but 
the great South Sea in all the Equator that can ſee the 
Setting-ſun: Beſides, ſuppoſe there was ever ſo fair an 
Opportunity of viewing the Tranſit at Sun-fet, it would 
anſwer no Purpoſe, becauſe it muſt neceſſarily be over 
beſore Sun-riſing, the Length of the Night in all thoſe 
Parts being much greater than the longeſt Duration of the 
J'eadbit=:- | | 

Euphroſ. You have thoroughly convinced and ſatisfied 
me in that Particular; I plainly ſee the Latitude for the 
ſecond Obſervation muſt be ſuch, where the Length of 
the Night is ſhorter than the Duration of the Tranſit ; 
and as the Globe is now rectified, I can plainly fee that 
among all the Places in North America, in the eaſtern 
Part of the Horizon, the firſt that offers itſelf ſor viewing 
the Tranſit at :Sun-ſet is that which you mentioned, 
juſt now, viz. Port Nelſon, at the Entrance of York River, 
all other Parts, or Places, being inacceſſible to us; and, 
indeed, that is the firſt Place that will circulate below 
the Horizon, and riſe again above it on the weſtern Side 
before the Tranſit ends, and conſequently will be the 
leaſt Latitude in which we can obſerve the Duration of 
the Tranſit, including both the. Beginning and the End. 
At the ſame Time, I underſtand. now more plainly than 
before, why no other Places even jn thoſe northern Lati- 
tudes will, anſwer this Purpoſe, becauſe they will 
neceſſarily be below the Horizon, either at the Beginning 
or End of it. | TINT Bf 
Clean. That is very well obſerved, my Euphreſyne; for 
in the Tfland of Great Britain we loſe the Beginning of 
it, and to obſerve the Time when it ends is not ſufficient; 
and it happens very well for us, that Hudſon's Bay pro- 
vides us with this Port for the Purpoſe; for we ſhould 
have found it attended with much greater Difficuky, to 
have had Recoutſe to Places in the frigid Zone: For tho 
there are Places enough in Lapland, the northern Parts of 
Ruſſia, Nova Zembla, Ireland, &c. where the Sun will 
not at that Time diſappear, yet being near the Earths 
Axis, the Difference between the Times of the Tranſit 
will not be ſo great, for an Eye placed any where ** 
| X15 
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Axis of the Earth will ſee the Tranſit of equal Duration; 


and therefore, to an Eye placed at the Center, or upon 


the Surface at either Pole, the Appearance will be the 
fame in regard to Time, and this will lead us from the 
Globe to the Diagram, which, I have provided for a 
farther Explanation of the Particulars of this Phznome- 


non, as they are to be aſtronomically conſidered. 


Euphroſ. I cannot but think myſelf greatly obliged to 


you for your Care, in contriving every Way to facilitate 
the Knowlege of this uncommon. Affair. As to the 
Diagram, I can readily perceive at firſt View the Deſign 
of a great Part of it: Thus J obſerve, A, B, C, repreſents 
one half of the Sun, the Center of which is C, and the 
Diameter A E. 
Circles on each Side of the Sun at Y and Z, repreſent the 
Planet juſt within the Sun's Diſk in thoſe Places; and 
farther, that Y D is the Path, or Track of Venus over the 
Diſk : Alſo, that G, H, is a Part of the Orbit of 
Venus, and that Planet in two Poſitions at P and X. — 


And, laſtly, I ſuppoſe that the Circles AF E G, and 


others within it, may repreſent the Earth. Am ] fo far 
right, Cleonicus s . | 
Cleon. You are, my Euphrofyne ;, the great Circle you 
mention is. the Equator, the next Circle BID H is the 
Parallel of 22? 30“ Latitude, anſwering to the Bay of 


Bengal; the inmoſt, or leſſer Circle ede, is the Parallel 


of 55, anſwering to Port Nelſon in Hudſon's Bay; and 


Cis the Center of the Earth, or Pole of the Equator, 


which you pleaſe. 


Euphroſ. But what is the Uſe of all thoſe Lines drawn 


from the Earth to the dark Planet on the Sua ? 

Cleon. Theſe I ſhall point out to you in Order; and 
firſt, ſuppoſe an Eve- was placed in the Center- of the 
Earth in C, to view the Planet as it paſſes along in its 
Orbit from P towards X. it is evident, when the Planet 
arrives to the Point 8, it would be ſeen juſt within the Sun 
by the Ray of Light CS Y; and when it has advanced 
to the Point V, it will then be ſeen to touch the Edge of 
the Sun on the other Side, by the Ray C VZ, fo that 
while the Planet deſcribes that Part of its Orbit between 
Sand V, it will appear, to an Eye at C, to paſs over the 
Diſk of the Sun from Y to N 
| 4 
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Euphraſ. So far I apprehend you extremely well; 
but, pray, what Time paſſes between the Beginning at 
Y, and the End of the Tranſit at Z, as viewed from the 
Earth's Center at C? TE we 1 | 
Cen. You have been long, before now, inſtructed in 
the Meaſures of Aſtronomy ; you know the Di 
ameter of the dun is, at a Mean, a little more than half 
a Degree; but at the Time of the Tranſit, it will be very 
nearly 32“ of a Degree: And therefore, ſuppoſing that 
the Diameter A E be divided into thirty-two equal Parts, 
the Planet will appear to paſs over four of them in an 
Hour, i e. her horary Motion is after the Rate of four 
Minutes an Hour; and therefore, in paſſing from Y to 
Z, the Time ſpent will be equal to about ſeven Hours and 
twenty Minutes; ſuch will be the Time of the Tranſit. 
to an Eye at the Center C. In this Time a Spedtator at 
the Equator will, by the diurnal. Motion of the Earth, 
be carried through 1109 of Longitude, equal to the Arch 
KF Lc: 5 | 
Euphroſ. Very good, Cleonicus, I underſtanq you; 
but now let me view the Tranſit from Bengal, in your Di- 
P ray ENS ages 3 | 
Cleon. That you ſhall do; and for this Purpoſe you 
; mult ſuppoſe your Eye to be placed in the Point of the 
Parallel proper to that Place, to view, the Beginning of 
the Tranſit at Y; which of Courſe will be on the weftern 
Side of the Globe, becauſe in half the Time of the 
Tranſit you will be carried from 6 to I. where you will 
view the Planet in the middle of its Paſſage over the Sun 
at D nearly. From I you will be then revolved to (a) 
on the eaſtern Side of the Globe, to view the Egreſs of 
the Planet at Z; from whence it 1s evident, that the 
Beginning or Ingreſs will appear to you in the Line 
b I V, and the Fgreſs in the Line a UZ; therefore 
the Planet muſt be in its Orbit at T in the firſt Caſe, and 
at U in the latter ; and, that its Paſlage from T to U, 
as it is ſhorter than that from S'to V, ſo it will be per: 
formed in leſs Time, and therefore you will at Bengal 


obſerve the Tranſit of a leſs Continuance, than if your 


Eye was placed at the Center C. a 
Euphroſ. I think, I pretty clearly underſtand you; for 

I ſee the Motion from 6 towards à is in a contre ry Direc- 
tion 


1 1 


which, it is evident, will appear by the Ray R V. 
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tion to that of the Planet from Y to Z, and therefore 
muſt cauſe her apparent Motion to be quicker, in the 
Manner you have now explained. | 
Cleon. As you cannot underſtand theſe Things too 
well, I ſhall exemplify it otherwiſe by the parallatic 
Angle, in a Caſe ſimilar to that of the Candle on the 
Table, which I before mentioned to you: Thus, 
ſuppoſe a Plane was placed beyond the Planet's Orbit in 
the Line 75, then when the Planet is at 8, it will be 
ſeen: on that Plane at v by an Eye at C; but to an Eye 
placed at &, the Planet would appear on the ſaid Plane at 
t, by the Ray 58. So that the Planet in the ſame Point 
S will be ſeen in two different Parts of that Plane, by the 
Eye in theſe two different Poſitions ; all which is occa- 
ſioned, you ſee, by the Diſtance of the two Points C and 
b; andthe Angle CS b, or tf S v, is what the Aſtrono- 
mers call the parallatic Angle, or that Angle which 
makes the apparent Difference of the Planet's Place :— 
From whence it is evident, that the leſs the Diſtance C 5 
from the Earth's Axis is, the leſs will be the parallatic 
Angle, and conſequently in the Pole, where it vaniſhes, 


there will be no Parallax at all, as I obſerved to you 


befaceecg/ 0d & 3 5 a | 

Euphreſ. I partly ſee the Reaſon of all that you now 
ſay; and farther, if the Planet rs be taken away at the 
ſame Time that the Planet appears upon the Sun at Y, 
to an Eye at C, it will appear at a Diſtance from the 
Sun eaſtward at ww, to an Eye at h, by the Ray 5 S w :— 
And laſtly, that as we go nearer to the Equator, the 
Diſtance C will be greater, and therefore will occaſion 
a greater Difference in the Place of the Planet, and Time 
of its Tranſit, and conſequently will ſo much the better 
anſwer your Purpoſe. But now for the Appearance 


at Port Nelſon, Cleonicus. | 


Cleon. As your Motion is now to be conſidered in the 
ſame Direction with the Planet, you muſt conceive your 
Eye to be placed on the eaſtern Side of the Globe at 
in the Diagram, to view the Ingreſs of the Planet at Y, 


After this the Eye will be carried, by the Motion of the 
Globe, by the northern Part of the Meridian round to 4, 
where it will vier the End of the Tranſit at Z, by the 


Ray 
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Ray 4W Z, and conſequently the Time of the Tranſit 
at this Place will be all chat is ſpent while the Planet 
deſcribes the Arch RW (greater than 8 V,) which will 
be about ſeven Hours and twenty-ſeven Minutes nearly, 
and is therefore longer than the Time of the Tranſit at 
Bengal, all which is occaſioned by the Diſtance of the 
Points 6 and « from the Earth's Axis, and the contrary 
Directions in which they are moved. 

Eupbroſ. I fee nothing difficult to 9 in all 
this; but how is this Difference in Times of the Tranſit 
applied, to finding the Parallax and Diſtance of the Sun? 

Cleon. Very eaſily, by a Proceſs in Trigonometry, as 
it requires nothing more than common Skill in the Doc- 
trine of plain Triangles: But as you have not yet learned 
any Part of the Mathematics, I thall not pretend to 
trouble you with that Aﬀair now ; you will find i it not 

difficult to underſtand hereaſter. 

Eupbroſ. I ſhall gladly take another 8 of. 
talking with you farther on this Subject; for though I 
have the Satisfaction to underſtand the general Rationale 
of this important Subject, from what you bave now ſaid, 
Tam ſatisfied it requires {till farther Reflection, and ſome 
mathematical Inſtruction, to underſtand it ſo compleatly 
as I could with z for the acquiring of which, I ſhall be 
ready to devote any future Part of my Leiſure. 

Clem, Theſe Things, it is true, are much of a ma- 
thematical Nature, and therefore we fhall at preſent pro- 
ceed no farther in the deſcriptive Part. But one Thing 
remains for you to know, and that is, a Method of ſhew- 
ing this Phznomenon in a moſt eafy and delightful Man- 
ner, by Means of a new Apparatus adapted to the re- 
fleHing Teleſcope : And this ſhall be the Subject of our 


Converſe at the next Interval, - 
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"DIALOGUE XVI. 


The DESCRIPTION of a New SOLAR APPARATUS, 

adapted to the reflecting TELESCOPE, for ſhewing 
the TRANSIT oF VENUS over the Sux's Disk, 
wvithout darkening the Room. 


3 Euphroſyne. 

1 ever ſince been mindful of your Promiſe, to 
entertain me with the Manner of exhibiting this cu- 

rious and rare Phænomenon, by a new Apparatus ap- 

plied to the reflecting Teleſcope. I hope this Morning 

will favour the Deſign, as the Heavens are clear and 

ſerene, and the Sun ſhines forth with its uſual Splend 

and Glory. | 

Clen. We could not have wiſhed for a finer Day than 
this is like to prove. The Teleſcope I have choſe for this 
Purpoſe is of the reflecting Sort, as it is mbſt convenient 
to uſe for this Purpoſe, by Means of its Foot or Stand, 
the Conſtruction of which is alſo different from the com- 
mon Sort, and is mo rendered more convenient for 
the Application and Uſe of this new Apparatus. 

Euphroſ. I am not much acquainted with the Structure 
of thoſe Inſtruments; but I plainly ſee a Difference be- 
tween this and that which ſtands in my Father's Study, 
which I have often uſed to view diſtant Objects, and in 
which you have ſhewn me, before now, the Spots on the 
Sun's Face. . | 

Clean. That is a very good reflecting Teleſcope of the 
common Form; but this Teleſcope, which I ſhall- now 
make uſe of, is much preferable for all the common Pur- 
poles of a Teleſcope in general, and it has many peculiar 
Advantages above the other, and of which they are not 
capable, as you will hereafter be fully ſenfible of, when 
we come to treat of the Nature and Ule of this Inſtrument 
more directly. | 1 

Euphraſ. I obſerve this Teleſcope conſiſts of two braſs 
Tubes, and that the interior one is made to move back- 
ward and forward, by Means of a ſmall Piece of Rack- 

, work 
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work on the Side of the outer one: This, I preſume, 


anſwers the ſame Purpoſe as the long Wire on the Side of 
the common reflecting Teleſcope which we turn one 
Way or the other, for adjuſting the Inſtrument to a proper 
Focus in viewing Objects. 20 lp 

Cleon. That is the Deſign of it in general; but this 
Conſtruftion, as I ſaid before, is much better adapted to 
our preſent Purpoſe, on other Accounts, than a Reflector 
of the common Form, though that will do very well. 


Euphroſ But what, and where is the new Apparatus 


you ſpeak of? 

Cleon. I have not yet applied it to the Teleſcope, as 1 
intend to ſhew you the ſeveral Parts of it in the firſt 
Place: lt is of a very ſimple Form, as it conſiſts but 
of a few Parts, which I ſhall now proceed to deſcribe.— 
(1)..1 take off the common Eye-piece of the Teleſcope, 
and ſcrew on another in its Room, of a ſhorter or leſſer 
Size. (2). I have adapted the common Candle Screen, 
made of black Silk, and which, in the uſual Manner, 
expands itſelf into a circular Form, to the End of the 
teleſcope, where you obſerve it is eaſily: faſtened on. 
(3). This ſquare Piece of Braſs, which is about fix 
Inches and a half long, is ſcrewed on to a Piece fixed 
upon the under Part of the I eleſcope. (4). Into the 
lower Part of this, another long ſquare Piece of Braſs is 
firmly fixed by Means of a ſquare Shoulder, Nut, and 


Screw; upon this is a Scale of Inches to the Number of 


thirteen. (5). Upon this long Arm is a moveable Socket 
of Braſs, with a Screw to fix it to any Part, on the Top 
of which is a tranſverſe Piece, into which are fixed two 
upright Wires of a proper Length. (6). Upon theſe 
Wires. is applied a Screen of white Paper, of a circular 
Form, on which is drawn a black Circle of twelve Inches 
Diameter, divided into 360 Degrees, with two Diameters, 
one Veriical, and the other Horizontal. The firſt of 


theſe is divided into 1900 equal Parts, and numbered each 
Way from the Center 100, 200, 300, c. | 


. nd * * — — 


COP IE Tn 


* We opprghend the ſeveral: Parts of this Apparatus are fo 
plainly repreſented in the Print, as to need no Deſcription 
by Letters of Reference, | | | 


* 4 + \ 
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Euphroſ. You will pleaſe to put them together, and 
then I ſhall have a more complete Idea of the Nature and 
Deſign of the Whole. | 

Cleon. This I ſhall inſtantly do: — Firſt, I apply the 
Screen to the End of the Teleſcope; — then I ſcrew on 
the perpendicular Piece of Braſs ;——imto this I fix the 
horizontal Piece, - then I apply the Socket to No. 12, 
and there ſcrew it faſt; - after this, I apply this cir- 


cular Screen to the upright Wires: — And then, laſtly, 


I ſcrew' into the End of the Teleſcope the Braſs Piece, 


containing the Magnifiers——and thus the Whole is 


fitted for Uſe. | 

. Euphroſ. I ſee the Deſign of it is to form the Diſk, or 
Face of the Sun, upon that circular Paper Screen ; — but 
is not the Room to be datkened for this Purpoſe ? | 

Cleon. No; the black Screen ſupercedes the Neceſſity 
of that troubleſome and inconvenient Circumſtance 
You will by Means of this Apparatus, in the moſt 
lightſome Room, have the Pleaſure of viewing the Face 
of the Sun, and every Thing that may appear in or 
upon it, with as much Pleaſure, and almoſt as perfectly 
as in the Camera Obſcura itſelf. . 

Eupbroſ. If this be the Caſe, it muſt render the Oppor- 
tunity of viewing the Tranſit of Venus extremely eaſy and 
agreeable, in every Place where they ſhall be favoured with 
a Sun-ſhiny Morning, like this. | 

Cleon. And that this is the Caſe really I ſhall ſoon 
convince you by an Experiment or two with this Appa- 
ratus, and that in a different Way or Manner from any 
Thing that has hitherto been ſhewn of the like Kind: 
For all Objects that have been uſually magnified in the 
ſolar Microſcope, are repreſented in a Beam of the Sun's 
Light, very much dilated upon the Side of a Room or 
Screen; but here you will ſee Objects repreſented on 
the real Face, or the Diſk of the Sun itſelf; ſo that 


by this Means we might Propely make the bright mag- 


nified ſolar Diſh the real Screen for ſhewing Objects 
upon; by which Means they will become vaſtly more 
vivid and diſtin in all their Parts, and will make a much 
richer Appearance. In order to ſatisfy you of what 
I now ſay, I ſhall, in the firſt Place, ſnew you the Face 
of the Sun upon the Screen, in varions Degrees of Mag- 
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nitude, according to the Diſtance of the Screen from 
the magnifying Glaſs, and you will always know the 
Diameter of the magnified Image of the Sun by the 
29r of gre to which the Screen is placed on the 
cale 

Euphroſ. That is, I ſuppoſe, if the Screen be placed 
at Ne 2, then will the un's Image be two Inches in 

Diameter; if at No 6, it will be fix Inches in Diameter; 
and if the Screen be placed at No 12, then will the Solar 
Diſk be 12 Inches, or juſt fill the graduated Cirele. 

. Clem. I perceive you have a very clear Notion of this 
Matter, and therefore ſhall preface no more concerning 
it, but ſhall proceed, in the firſt Place, to ſhew you the 

ſolar Diſk, with the Spots upon it, if any; and accord- 

iüngly. een { fix the Screen at N 1, and then 
directing the Teleſcope to the Sun, I turn the Pinion on 
the Side of the Teleſcope till I make the Sun's Face appear 
very diſtinct, and well defined on the Surface of the Screen, 
where it appears ſmall indeed, as being now but one Loch 

„„ 

Euphroſ. Well, it is very curious 20 ſee the little gen 

To very ſtin&: I really can ſee two or three ſmall 
Spots upon its Surface. 

.  Cleen. Thoſe Spots are not ſmall, but {x as you 
will ſee when I move the Screen backward to N 4 
For now turning the Pinion, the Sun's Image appears very 
diſtinct, and juſt four Inches in Diameter, and the Spots 
appear now in Proportion larger and Plainer, — 

 xemove the Screen to No 8, there the Sun's Face is 
enlarged to eight Inches in Diameter. 

place it at Nꝰ 12, and by adjuſting the Teleſcope, you 
there ſee the noble Appearance which the Diſk of the 

Sun makes on the Screen, and juſt fills, the graduated 
Circle drawn upon it. 

Erphraſ. A glorious Sight indeed, and the Spots now 
appear to great Advantage Tbis Method of viewing 


them is greatly preferable to chat of poring through the 
Teleſcope itſeſf at the Sun. 

Cleon. As the Sun's Face and Spots are ſo eaſily and ſo 
* diſtin] obſerved, you will readily underſtand that, the 
Planet Venus, im tranſiting the Sun's Diſks will be as di- 
| Rana, ee and viewed. 
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Eupbroſ. J can eaſily apprehend ſhe will; for when the | 


Diſk of the Sun itſelf is perfectly formed, the Planet Venus, 
as well as the ſolar Maculz, muſt alſo be delineated in 
the ſame Degree of Perfection, by that exquilite Inſtru- 
ment. | 


fit :>——PFor which Purpoſe you muſt provide me with 
four of the ſmalleſt black Patches you can get. | 
Euphroſ. Theſe I have at Hand, and will this Inſtant 


go for them: Theſe are the ſmalleſt J have; will they | 


anſwer: the Purpoſe ? AY | Tas 

Cleon. They, will do very well; — I have here an 
Ivory Slider, with a round Piece of Talk, on which'I 
have drawn two Diameters, and likewiſe the Path of 


' Venus, at each End of which I ſtick a Patch, and place 


the other two in the faid Path, ſo that they may repreſent 


four Poſitions of that Planet on the Diſk of the Sun, 


I put the Slider 


formed upon the Screen as before. 


in its Groove, and then, by turning the Screw, you ſee 
thoſe Patches gradually come to a' perfect Form on the 
Face of the Sun: | 
and nearly in Proportion, as Venus herſelf will be ſeen in 


hey appear very black, round, 
Compariſon of the Sun. | : 

+ Euphroſ. This is very natural indeed, as well as arti- 
ficial. I ſee Venus now at her Ingreſs and Egreſs, 


in the ſame Manner as ſhe is delineated on the Print of 
the Tranſit at large; and ſince this artificial Repreſenta- 


tion is ſo perfect, it will in a great. Meaſure ſupply the 


Deficiency of the natural Tranſit, if the Weather ſhould 
prevent our Enjoyment of that moſt deſirable Sight. 


. Cleon. A Sight, that mortal Eyes never more than once 


beheld !- The famous Jeremiah Horrex, who lived at 
Hole in Lancaſbire, by his great Skill in Aſtronomy, 


foreſaw and predicted the Tranſit of Venus over the Sun, 


N:vember 24, in 1639. He gave notice of this to his. 


Friend Mr. Crattree, who attended him at the Time, and 


they both togethef in a darkened Room, where the Sun's 
Image was formed at large on a Screen, ſaw Venus juſt at 
nineteen Minutes after, three o'Clock in the Afternoon 


enter the Diſk ; but the Sun ſetting before the Tranſit 


was compleated, prevented their having an entire View 


* & 


Cleon, It will not be diſagreeable to you, if I illuſtrate | 
this. by an artificial Repreſentation of this famous Tran- 
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of it, ſo that this next Tranſit will be the firſt. that will 
afford a View of the Phænomenon compleat. © ' 

Euphroſ. I ſhould almoſt envy thoſe Gentlemen the 
partial View they had, were not ours likely to be more 
compleat ;. for an entire View even at this next Tranſit, 
will be impoſſible, 1 find, to the Inhabitants of Great 
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Revolutton about the Sun is ſo ſhort, I think it is a 
Wonder that we do not oftener obſerve her to tranſit the 
Sun's Diſk. „ | A 

Cleon. If you were very attentively to conſider the Laws 
of the planetary Motions, the Wonder would ſoon ceaſe. 

But I muſt refer an Explanation of this Matter to a future 
Opportunity. — ! have informed you of every Thing l 

think neceſſary, relating to this SubjeQ, for the preſent; 

The farther Uſe of this Apparatus, for magnifying Objects 
in the Nature of a folar Microſcope, I ſhall explain to you 


* 


Sudjeds of philoſophical Converſation will be thoſe of the 
Deſcription, and practical Uſes of the ſeveral Kinds of 
Microſcopes, Teleſcopes, and other optical Inſtruments, 
Which, I doubt not, will afford you as great Pleaſure and 
Improvements as they have done to myſelf for many Years 
paſt.” | e 
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Britain. But fince the periodical Time of Yenus's 


at another Seaſon, which will be very ſhortly: As our next 
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A PxRAcTticar TREATISE on the Uſe of 
OPTICAL INSTRUMENTS. 


8 4 _ 


DIALOGUE: h 
On the Nature, Confiruftion, and Uſe of S1 NGLE 
MicroscoPEs 


| ED Euphraſyne. i 

HAVE ſpent all the Time I could conveniently 
1 ſpare, in looking over thoſe Tracts which you re- 
commended to my Peruſal, preparatory to my un- 
derſtanding the Conſtruction and Uſe of Optical In- 
ſtruments. The Nature and Uſe of Optical Glaſſes are 
ſo familiarly deſcribed and explained by Figures, that I 
was at no Loſs in verifying their ſeveral Properties by 


Experiments, which I made with the ſeveral Lenſes and 


Mirrors you lent me for that Purpoſe.——l can now 
take any ſingle Lens or Speculum, and therewith form 
the Image of any given Object at Pleaſure.———I ob- 
ſerve their various Magnitudes, in Proportion to the focal 
Diſtances of the Glaſſes ; Il ſee the inverted Poſi- 
tion of each on the Paper ; —and if I fix the Glaſs, 


I make all thoſe Images greater or leſs, by removing the 
Object nearer to; or farther from it. I obſerve, with 
You, II. | M great 
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great Pleaſure, what I think we way properly call the 
very Life or Soul of the Picture; I mean the natural 
Motions and Colours of every Part, the firſt of which no 
Paintings can pretend to, and the Jatter they but faintly 
imitate, ——[ delight myſelf ſo much with theſe phi. 
loſophical Entertainments, that I wonder very much how 
ſo many of my Sex can be ſo eaſy and ſatisfied, without 
ſharing with me in the Felicity which thoſe Sentiments 
afford, ariſing from ſuch an experimental Speculation of 
the Sciences. 5 

Clecn. It is principally for want of ſuch Speculations 


being expe:* nental, that ſo many People appear indifferent 


about them. Matters of mere Theory are generally dry 
and jejune to any but thoſe who have a particular Taſte 
for the Subject; but the Science of Optics is converſant 
about ſuch Subjects as are founded, not only in the moſt 
perfect Geometry of Nature, but are capable of being 
illuſtrated, and rendered in the higheſt Degree enter- 
training and uſeful, by the moſt eafy and obvious Experi- 
ments. — This Science extends the Uſe of the Eye to 
an amazing Degree; though this excellent Organ is by 
Nature conſtructed to produce the moſt uſeful Senſation, 
yet it is in a limited Degree : It is left to human Skill 
to perfect it in almoſt as much higher Degree as we 
pleaſe. - Whatever is neceſſary, Nature has ſupplied 
us with, in regard to Viſion, with reſpe&t to the com- 
mon Conveniencies of Life: But if we would look 
far before us, and take a Proſpect of the remote Scenes 
of Nature, and view her numberleſs Curioſities in her 
fecret Receſſes, we muſt make Uſe of the artificial Means 
of Viſion, I mean Optical Glaſſes and Tnjtruments . 
And I don't know any Thing, in the whole Courſe of my 
Obſervations, that appears to me of ſo extraordinary a 
Nature as the great Eſtimation or Value we fet upon 
common Sight, and at the ſame Time ſo little regard the 

Improvements of it. OTE 
Euvbroſ. | fancy it muſt be in this Caſe, as in many 
others, what we don't perceive the Uſe, Pleaſure, or Ne. 
ceſlity of, we are not ſenſible, and therefore do not regard 
the Want of it; and a great many People appear to be 
naturally deſtitute of any Taſte for the Refinements and 
5 Pleaſures 
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Pleaſures ariſing from the Study or Extenſion of the 
Sciences, either Optical, or any other Kind. | 

Cleon, Your Obſervation is juſt ; to which I may farther 
add, that it is neceſſary it ſhould be ſo, and that we ought 
not to look on thoſe Things as any Faults or Deficiencies 
in Mankind: Thoſe who want a Genius are not to be 
blamed on that Account, nor are we to wonder. when 
we find them ſo frequently expatiating on the Pleaſures 
ariſing from the Senſations of the Gu/tatory Nerves, and 
ſo little ſenſible of thoſe of the Optical ones. But to 
the Point: T have here brought you ſeveral MicroscoPes, 
of different Forms and Conſtructions, on Purpoſe to ac- 
quaint you with the different Ways and Means that have 
been invented an!] contrived for their Application, in 
viewing Minute Objecis. Theſe the Opticians uſually call 
Single Microſcopes, and are to be held in the Hand, 

Euphroſ. They ſeem to be curious Inſtruments, and 
neatly diſpoſed in their Caſes, with a Number of little 
Trinkets about them, all of elegant Workmanſhip.— 
| ſee they are of different Forms and Make, and I preſume 
all anſwer one and the ſame End, viz to magnify any ſmall 
Object But one Query I muſt beg you to ſatisfy before 
we proceed farther, and that is, how it is in the Power of 
a Glaſs to make an Object bigger or leſs? | 

Cleon. The Glaſs, my Euphreſyne, can do no ſuch 
Thing, the real Magnitude of the Object continues the 
ſame, however it may be viewed by the Glaſs, the mag- 
niſying Power, as we uſually call it, is only apparent. 
The Eye, by Means of a Glaſs, views an Object under 
a larger Angle than it can do without, and conſequently 
will ſee it, in Appearance, larger ; for by the Principles 
of Optics, which you have peruſed, if you recollect, it 
appears, that any Object ſubtends a larger Angle in Pro- 
portion, as it is nearer to the Eye, and that Angle is the 
Meaſure of the apparent Magnitude of the Object; thus, 
for Inſtance, if you extend your Arm, and hold up your 
Finger againſt the Ball under the Croſs, on the Top of St. 
Paul's Cathedral, it will appear much bigger than that Ball 
does, becauſe it ſubtends a much greater Angle to the Eye 
than that Ball does at ſo great a Diſtance, though it be {ix 
Feet in Diameter, f 

| M 2 
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Euphreſ. There is ſomething cee e and ſur. 
priſing in your Doctrine of apparent Magnitudes, I find 
by Experiments, which I little thought of before; but 
admit that the Glaſs only fhews the Object larger, yet 
there is one Thing farther that muſt be the Subject of 
another Query, viz. how it comes to pals that the Glaſs 
ſhews the Object diſtinctly at ſuch a Diſtance from the 
Eve, where it cannot be ſeen without it, unleſs very con- 
tuſedly ? - | 
 Cizon. You will remember the Experiment which you 
made in the Sun Beams with the Glaſs, whoſe focal Di- 
ſtance was one Inch, viz. that it collected together the 
Beams into one Point, called the Focus ; and that another 
Glaſs of the ſame Sort, held juſt as far beyond that focal 
Point, received the diverging Rays, and made them al 
parallel again. | 

Euphroſ. I remeraber it very well; but what do you 
deduce from thence 2 

Cleen. On that Experiment depends all the Rational: ol 
Viſion, by a ſingle Glaſs ; for the Eye is ſo formed by 
Nature, that unleſs Rays of Light fall nearly parallel 
upon it, they will not be converged to a Focus upon the 
Retina in the Eye, and therefore no perfect Image can be 
there formed, but by thoſe Rays which come from Ob- 
jects lo far removed from the Eye, that they may be con- 
ſidered as nearly parallel; and therefore, as I ſaid before, 
there is a Limit to perfect Viſion by the naked Eye, and 
this you will find in general to be about fix or ſeven 
Inches from the Eye, with regard to near Objects: This 
is confirmed by Experience, becauſe any Object held 
nearer to the Eye will appear confuſed, as the Rays 
coming from any particular Point muſt be conſidered in: 
converging State, and eonſequently tend to a Point ot be pr 
Focus beyond the Bottom of the Eye, and therefore the ſmalle 
Image muſt be very imperfectly formed on the Ret, viewe. 
and {0 produce a confuſed Appearance of the Object as Fli 
For Example; I hold a Piece of Wire at three Inches thus n 
diſtant from my Eye, and it appears large, but very con: what 
fuſed and indiſtinct; but if | take a Glaſs, whoſe ſocil naked 
Diſtance is three Inches, and hold it cloſe to my Ee Anim: 
the Rays will by that Means be made to fall upon the and y 
Eye in a parallel Direction, and by that Means be nice their 
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united on the Retina, and there forming a perfeRt Image 
of the Wire, will cauſe a diſtin View of it. 

Eupbroſ. I ſeem to have a tolerable clear Idea of this 
Matter :—— And ſince the Wire appears diſtinctly at the 
Diſtance of three Inches from the Eye, by Means of the 
Glaſs, it will be ſeen of Courſe: under an Angle twice as 
large as it ſubtends to the naked Eye at the Diſtance of fix 
Inches, and therefore will appear twice as large; confe- 
quently, an Object in ſuch a Cale may be ſaid to be magni- 
hed twice, For the ſame Reaſon it will follow, that if 
a Glaſs of one Inch focal Diſtance be applied to the Eye, 
the Object in that Cate muſt be placed in its Focus, or at 
one Inch from the Eye, and then the Rays being rendered 
parallel upon the Eye will cauſe a diſtinct View of it at 
that near Diſtance, which, as it is ſix Times leſs than ſix 
Inches, it will appear ſo many Times magnified by ſuch a 
Glaſs. | DIGG 46 


Cleon. What you have now ſaid,' you inſtantly prove by 
Experiment; and the ſame Reaſon holds for any Glaſſes 
of ſhorter focal Diſtances, they always magniſy more in 
Proportion. But let us reflect a little on the magniſy- 
ing Power of a Glaſs, whoſe focal Diſtance is one whole 
Inch :—You ſee it magnifies the Diameter of the Wire 
ix Times; but as you increaſe the Length or Breadth of 
an Object, the Surface will increaſe in Proportion to the 
Square thereof, and conſequently - will appear ſix Times 
ix, or thirty-ſix Limes as large as it appears to a naked 
Eye, and conſequently fuch Glaſſes will exhibit a very 
agreeable View of many of the larger Kind of ſmall Ob- 
jets; for which Reaſon they are very much in Uſe, in 
obſerving the Works both of Nature and Art, and may 
be properly called MEGALAscop Es Uhus all the 
ſmaller Sort of Flowers appear extremely fine when 
viewed through ſuch Glaſſes ——All Kinds of Inſects, 
as Flies, Bees, Waſps, Cc. make a noble Appearance 
thus magnified, and ſeem quite different Creatures than 
what they appear when viewed diminutively with the 
naked Eye. The Texture and Veſſels of Plants and 
Animals are exquiſite Subjects of the-Megalaſcope z<—— 
and when we apply them to view the Works of Art, 
their Benefit is ſufficiently. known to the Watchmaker, 
dhe Draper, the Engraver, i under the IS 
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of the Watchmakers-Glaſs ; Cloth-MHlicroſcope; &c. and or 
a pretty Experiment of this Kind, I need only propoſe to 
you this ſmall Circle, in which is contained the ten Com- 
mandments, which the beſt of Eyes cannot decypher, but 
with a Glaſs you ſee to read the whole diſtinc ly. 

Euphroſ. This Glaſs is of excellent Uſe, I find by this 
Experiment; and this, which you have been ſo kind as 
to make me a Preſent of, will afford me great Entertain. 
ment, as I ſhall frequently apply it to the Purpoſes you 
have mentioned. | 

Cleon, There is one Thing farther to be conſidered, 
with-regard to the magnifying Power of this Glaſs, vis. 
that the Solidity, or the whole Bulk of a Body is magni- 
fied in Proportion to Cubes of the Diameter or Side: 
Thus, ſuppoſe: any Globule, or other ſmall Obje& were 
to be viewed through the ſame. Glaſs, the whole Bull 
will be apparently increaſed ſix Times thirty-ſix, or 
216 Times, or ſo; much larger it would appear through 
the Glaſs to the naked Eye. — I have brought with me two 
or three Marſh-mallow Flowers for a Specimen of this 
Kind; you fee a little white Part ſtanding up in the Middle; 
pray, view it with your megalaſcopic Glaſs, and tell me 
what you ſee. a 55 | 

Euphroſ. I ſee a great Number of very beautiful, ſmal), 


| white Globules beſet with thick Briſtles, and growing in 


Cluſters at the Tops of long white Stalks; a moſt agree- 
able Spectacle this, and what I could never have thought 
of from the naked Eye. 1th EN 

Cleon. As another Inſtance, take this Leaf of Sage, 
and view it with the ſame Glaſs. 793 

Eupbroſ. I do; and am amazed to ſee the numberle(s 
 Globules all over its Surface, in Appearance like ſmall 
white waxen Balls; others upon the Mint Leaf I ce 
have a different Appearance, but require to be magnified 
ſtill more to view them perfectly. | 


, Cleon: That you will do by and by; I only propoſe 


by theſe Specimens, that very ſmall Objects, when mag- 
nified 200 Times, are capable of being ſeen even with a 
Megalaſcope:— And were you to ſee a Fleſh- fly 200 
Times as large as what you view with the naked Eye, 
they would command your Attention as much as a Cro- 
codile from the River Vile, which is but a Lizard of © 
larger Bulk. Ee SL pg el 
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Eupbroſ. Pray, of what Form or Size are thoſe Glaſſes 


which you make uſe of for greater Powers of magni- 
fying ? | 

. They are of the fame Form with this Megalaſ- 
cope Glaſs, viz. a double Convex generally, but the Size 
very ſmall ; for as they are intended to view ſmall objects, 
there is no need of a large Diameter, nor indeed will the 
Nature of the Glaſs admit of it: As the Glaſſes are 
ſmall, ſo are their focal Diſtances, and in Proportion 
their magnifying Powers the greater ; hence theſe Glaſſes 
are properly called MicrRoscoess, which denote only 
their Power of magnifying very ſmall Objefts : But as 
theſe Glaſſes are ſo very ſmall, they cannot conveniently 
be applied to Objects without being adapted in a Frame, 
conſiſting of proper Parts for that Purpoſe, by which 
Means the Glaſs and the Object may be at any required 
Diſtance from each other, and from the Eye, and the 
Object viewed with all imaginable Eaſe, by holding them 
in the Hand againſt the Light, as you will eaſily ſee in 
the ſeveral Forms here before you, which indeed are but 
four, but they are the beſt and moſt convenient of all the 
numerous Inventions for this Purpoſe. 

Euphroſ. Which of thoſe Microſcopes do you recom- 
mend as the moſt perfect and eligible ? | 

Cleon. It is difficult to ſay which is the beſt of all; 
they have ſeverally their peculiar Advantages ariſing from 
their particular Form, and the Apparatus proper to each. 
Some Gentlemen prefer one Form, ſome another; and 
1 will point out the ana of each ſeparately, that you 
may chuſe upon Occafion which you p n I ſhall 


Euphreſ. In this you will highly oblige me, indeed; 
but you muſt, in the firſt Place, make me acquainted 
wick the Uſe of them, for there are ſo many ſmall Ad- 
jundis in what you call the Apparatus, that unleſs I know 
the Uſe of each Particular, I ſhall not be perfect in the 
Application of the Inſtrument. NE pres 
Chon, It is very true, my Euphroſyne ; I know it is 
incumbent upon me, in the firſt Place, to diſſect, as it 


were, each Microſcope, and ſhew the Uſe of the ſeveral 


Parts as the 


{ are variouſl 3 for viewing different 
Objects. )e 


he firſt I ſhall begin with, is that which 
M4 


* 4 


generally 
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generally goes by the Name of WiLson's MicRoscopz. 
though the firſt Inventor of this Form is perhaps not 
known. This Microſcope conſiſts (1.) of an external 
and an internal Tube, the latter moving by a long Screw 
in the former; the external Tube being for the greateſt 
Part open on each Side: You obſerve (2.) two thin 
braſs Plates moving regularly in that Aperture by the 
Motion of that internal Tube or Screw ; and to keep 
them together you ſee (3.) a ſpiral Wire bear upon them 
from the End on the Inſide of the outer Tube, the Intent 
of which is to preſs thoſe Plates firmly together. (4.) The 
ſeveral Ivory Sliders which you here ſee numbered, 1, 2, 
3, 4, &c. in which are contained the ſeveral ſmall Ob- 
jects placed between two thin Plates of Miſcauy Glats, 
uſually called Talks; beſides theſe there is (5.) this long 
Braſs open Frame, to which is fitted an Ivory Slider, 
containing ſmall Concave Glaſſes, with a plain Slip of 
Glaſs placed over it for incloſing any minute living Ob- 
ject without cruſhing itz this likewiſe, when uſed, is 
placed between the two thin Plates, below which is (6.) 
a third Plate or Piece of Braſs with a cylindric Hollow 


ſ CO C2 33. „% TTT 


to receive (7.) the ſeveral glaſs Tubes, which you here fe 
ſee, three in a Sett, contained one within another, for th 
Holding any Fluids with Animalculz, Tadpole, Water- ea 
-Newt, ſmall Frog, Cc. for ſnewing the Circulation of pe 
the Blood, (8.) At the End of the outer Tube is a T 
Hole, with a Screw, to receive the ſeveral Plates of 

Braſs, or Buttons, which contain the ſmall magnifying EE 


Glaſſes. (9.) At the external End of the inmoſt Tube £ 
is a Plano Convex Lens, to throw Light upon the Ob- . 


ject on the Sliders, (10. ) Over this Glaſs are placed cit. cop 
cular Pieces of Braſs, with Holes or Apertures of a dit- N. 
ferent Size, for proportioning the requiſite Degree of 6 
Light. Theſe are the principal Parts to be uſed in view- 5 
Ing tranſparent Objects: But for thoſe that are opake, ing 
you are ſupplied with the following Apparatus. (11.) A Qu 
Iquare, flat Piece of Braſs, with a bevel Edge on one . 
Side, and pierced with a Hole through the Middle, with ” 
'a ſmall Steel Spring to bear upon (12.) an Iron Wire, Es 
made ſharp at one End, and containing a Pair of Plyers An 
on the other ; this Piece of Braſs with the Plyers, being ( 
placed between the two thin Plates of the e Slic 
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there is (13.) another Piece of Braſs with a Screw. ot 
one End, by which it is fixed on the object End of the 
Microſcope on one Part, and contains on the other a 
hollow Screw for receiving the ſeveral Magnifiers, which, 
in this Caſe, ſhew any Object held in the Plyers at one 
End, or fixed on the ſharp Point at the other; and to 
adapt every Glaſs for this Purpoſe, this Piece confiſts of 
two Parts, with Motion about a Center. (14.) On the 
ſharp End of the Wire there is ſcrewed on a ſmall circu- |. 
lar Piece of Ivory, with one Surface black and the other 118 
white, on >; Objects of a different Colour are laid to 'Y 
be viewed. (15 ) Inſtead of the ſmall Glafſes, you may 
ſcrew on the Glaſs in this black Ivory Frame, which is 
called the Tun : This is deſigned for viewing larger Ob- | 
jects, like that which you have in your Pocket. (17.) A . 

Pair of Nippers, Hair-Eruſh, Box of Talk-wires for 4 
fixing them in the Sliders, Se. complete the Apparatus [8 
of a Wilſon's Microſcope, for viewing every Sort of 
Objects *. ; 
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* That the Render may have a proper e of the f four dif- iN 
ferent Forms of fingle Microſcopes, and the principal Parts of 44 
the Apparatus, we have thought proper to add a Figure of b 
each Form, drawn from the Inſtruments themſelves, which 
need no particular Deſcription, as the Uſes of the ſeveral Parts 
may be eaſily underſtood by Inſpection. (See Plate XLII.) 
The Particulars of the Apparatus are as follow: 

A is the Megalaſcope Glaſs, to be held in the Hand for 
viewing the larger Sort of ſmall Objects. 

B the circular Piece of Braſs, in which the Microſcopic | 1 

Dy Git is placed to be ſerewed on at the End of Viſſon's Microf- ih 
cope, or that of the firſt Form; of theſe there are 6 in J * 
Number. | 

C a Pair of Nippers for taking up ſmall Objects. 

D a Quill with a Camel Hair Bruſh at one End for clean- 
ing Glaſs, and a Pen Point on the other for taking up a ſmall 
8 of a Fluid, Sc. 

a Glaſs Tube ſor holding Fiſh, or other Animals, for 
deviog the Circulation of the Blood. 

F a long Braſs Caſe for holding a Slider, with ſmall Con- | 
caves, and a plain Glaſs over them for confining ſmall living 1 
Animalculæ. i* 

G a ſmall Rox of Talk and Wires, for ſupplying the Ivory 
pliders upon Occaſion. 
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Euphreſ. You have run over a large Catalogue of Par. 
ticulars indeed; one had need have a pretty good Memory 
to retain the particular Uſes of each: But Iapprchend this 
will not be difficult after a little Practice. 

Clecu. You will find it extremely eaſy to manage every 
Part with once uſing only; and when you know it in one 
Microſcope, it is nearly the ſame in all the reſt, which 
differ from each other principally in the different Manner 
of applying the ſeveral Parts of the ſame Apparatus. 

Euphroſ. You will pleaſe, in the next Place, to inform 
me of the different Power. of magnifying belonging to 
each Glaſs of the Microſcope, that I may have a more 
adequate Noticn of the Effects of this Inſtrument when I 
uſe it, | : 

Cleon. This cannot be known without meaſuring very 
preciſely the focal Diſtance of each Glaſs : Thus, for 
Example, I find by meaſuring, that the focal Diſtance 


of this Glaſs is ene Tenth of an Inch; Now, you know 


that in 6 Inches there are 60 Tenths, and conſequently, 
when I view an Object through this Glafs, it is then 60 
Times nearer to my Eye than when I view it without the 
Glaſs, and therefore it will appear 60 Times larger in 

| regard 


— 2 


H a Piece of Ivory with two Sides, the one black and the 
other white, with two {mall Steel Springs for holding Objects 
upon them- | 

I the Silver Speculum belonging to the opake Microſcope, 
or that of the third Form, in the Center of which the ſmall 
Magnifier appears. | | 

K a double Spring Frame for holding the Glaſs Tube. 

L the ſame for an Ivory Slider. | 

M two ſmall circular Pieces of Braſs, containing a concave 
and a plain Glaſs, one moveable over the other, for conſinin 
ſmall living Objects. 5 

N the Plyers, in the Poſition they are applied for viewing 
Objects in the Opake Microſcope, to the Point of the End of 
which below are ſcrewed on the ſeveral Parts of the Apparatus, 
denoted by the ſeveral Letters H, K, L, and M. 

There are other Particulars of an Apparatus belonging to 
theſe Microſcopes ; but as they are ſeldom uſed, and the Man- 
ner of their Application not eaſily underſtood without viewing 


the Inſtruments themſelves, we have here omitted their Repre- 


ſentation. 


AND LADY's PHILOSOPHY. 151 
regard to Length and Breadth. Thus a Flea, or any ſmall 


Animal, will appear 60 Times longer and wider than it 


does to the naked Eye; and, becauſe a Flea is much about 
+: of an Inch long, it will appear through the Glaſs 6 
Inches long. 20 | 

Auphroſ. What an hideous Figure muſt it make of that 
monſtrous Size ! 4 

Cleon. Eſpecially if you conſider that the whole Sur- 
face of the Body of the Flea will appear 60 Times 60, ar 
3600 Times larger than we view 1t with the naked Eye, 

Euphroſ. Heavens! why, at that Rate, it mull appear 
as large as a Lobſter. | 

Cleon. I can afſure you, the Compariſon is very a- 
propos; for, when the Flea is thus magnified, it has very 
much the Appearance of that teſtaceous Animal, as you 
will ſee by and by.—But add to this, that the whole 
Bulk of the Flea will be magnified 60 Times 3600, or 
upwards of two Hundred Thoafand Times, and ſo much 
larger it will appear through this Magnifier, than to the 
naked Eye“, | 
Euphroſ. Prodigious, indeed! I muſt be ſtrangely de- 
lighted with ſuch unufual and extraordinary Views. If 
ſmall Animals are magnified to thatextreme Degree, how 
wonderful muſt it be to view the Mites, and other ſmall 
Animals, which appear in ſuch very great Numbers ? 

Cleon. They appear more numerous to the naked Eye, 
than throngh the Microfcope ; for in Proportion as they 
are magnified more, the leſs in Number will be ſeen; and 
notwithſtanding this Glaſs which I have now mentioned 
has fo very great a magnifying Power, there are others 
which {till much more exceed it, and other Methods of 
magnifying, befides directly poring through the Glaſs, by 
which Means a Mite will be ſhewn as large as a Porcu- 
pine; and Animalculæ, when magnified Millions of 
Times, will appear ſcarce larger than phyſical Points; 
all which you will be ſatisfied about in a very little Time, 
by ocular Demonſtration. | | 

Euphroſ. To tell you the Truth, I cannot help 3 
in very great haſte to ſee them; therefore hope you will 
not detain me long from ſuch wonderful Speculations. 

* At preſent we refer the Reader to the Print of the Flea, 
pee Magazine for April, 1759. : 
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Cleon. As I have largely deſcribed: to you the Apparatus 


belonging to Microſcopes in general, what remains, in 
regard to the particular Conſtruction, and Manner of 
Application, will be diſpatched in a ſew Words. In 
reſpect to the Manner of placing the Glaſſes, you ob- 
ſerve, it is different in each of the three Forms; for, firſt, 
in Wilſon's Microſcopes the Glaſſes are properly ſet ig 
circular Pieces of Braſs, which are ſeparately ſcrewed on 
to the Body of the Microſcope, for viewing Objects, and 
they are adjuſted to a proper focal Diſtance by Means of 
8 - | 
But, ſecondly, the neweft Invention for this Purpoſe, 
is to place all the Magnifiers in one long Piece of Braſs, 
by which Means it is eaſy to apply any Glaſs to the Object, 
inſtantly, without the Trouble of ſcrewing the. Glaſſes 
on and off the Microſcope; alſo, - the Focus is immediately 
adjuſted by the Contrivance of Teeth and Pinion, which 
boy here obſerve on the Side of a Microſcope of this ſecond 
orm. | | 
Thirdly, in order to view Opake Bodies by the ſingle 
Microſcope, there has been lately contrived a Method of 
applying the Magnifier to a Hole made in the Middle of 
a refleaing Silver Speculum ; which Speculum being 
ſcrewed on to the Inſtrument, the Opake Object in the 
Plyers is placed before the Magnifier, and the. Light 
ſtrongly. reflected upon it to render the ſuperficial Parts 
delightfully viſible. The Focus is adjuſted by a Bras 
Piece, moveable by a Screw and Spring, as alſo by the 
Joint of the Plyers. In this Contrivance, all Kinds of 
Objects, both Tranſparent and Opake, are moſt advan: 
tageouſly viewed by Means of a ſingle Magnifier. | 
The three Forms, now mentioned, are properly called 
manual Microſcopes, as they are all. of them held in the 
Hand, and turned to the Sky-light, or Candle, in viewing 
Objects. g | 1 
But there is yet another, and (in ſome reſpects) a more 


commodious Form of a fingle Microſcope, which is 

laced on a Foot or Pillar with a moveable Stage, on which 
the Object is placed; below which is placed a reffecting 
Speculum, moveable every Way to throw up the Light 0 | 
the Object; and this we may call the Fourth, and laſt 
Form of a ſingle Microſcope. | 7 
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 Eufpbrof. I think this appears to be the moſt convenient 
Method of them all, as I have nothing to do but only fir 
at the Table and look through the Glaſs at the Objeas.— 
But I ſee, that in this Sort of Microſcope you have differ- 
ent Conſtructions; for I take it, that all theſe before me 
are Specimens of each particular Form. a 
Cleon. They are ſo; and I have procured them, in 
order to give you an Idea of the different Manner of ap- 
plying, and viewing Objects in this Way. In all of 
them there is a Variety in the Frame in which the Glaſſes 
are placed, the Method of conſtructing the moveable Stage 
by adjuſting Screws, &c. the Manner of fixing the reffect- 
ing Speculum, and many other Peculiarities, which you 
will eaſily become acquainted with in the ſeparate Uſe of 
each. — Some of theſe are very expenſive in regard of 
curious Workmanſhip :—Others, too much laboured and 
incumbered with too many Parts and Appendages: And 
others are as remarkable for their light, eaſy, and elegant 
Conſtruction: one of this Sort I ſhall here recommend to 
yon for your common Tſe ; and it conſiſts of the following 
Parts: (1:) A Piece of Braſs properly formed for the 
Foot or Bafis, with a circular Hole in the Middle, whoſe 
Uſe I ſhall mention hereafter. (2.) The Stem, which 
conſiſts of two Parts: The iſt of which is a Pillar ſcrewed 
into the Foot, and the 2d a ſquare Piece of Braſs ſcrewed 
into the Capital of the Pillar. (3.) Two Pieces of Braſs, 
moveable on the ſquare Part of the Stem, the Lowermoit 
of which is fixed by a Screw in the Side, while the other 
remains moveable by an adjuſting Screw on the back Parr. 
(4.) To the upper Piece, the Stage is adapted by a Dove- 
tail Groove, in and upon which Objects are placed, as in 
the other Forms, to be viewed, and are adjuſted to a 
proper Focus by the Screw behind. (5.) On the Top of 
the ſquare Piece of Braſs, or Stem, is fixed the Head of 
the Microſcope, which has a flat Piece of Braſs, properly 
formed, and placed horizontally and parallel to the Stage. 
(6.) On the under Part of this Plate is a circular Piece of 
Braſs, containing 6 Glaſſes, diſpoſed in a circular Man- 
ner near its Circumference : This Piece is moveable on 
a Screw- pin in its Center. (7.) On the upper Part of 
the Head-piece is another circular Piece of Braſs, fixed 
at the End with a Screw on the Outſide, and a ſmall 


Hole 
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Hole in the Center, to which the [Magnifiers are ſuccel. 
ſively applied for ſhewing the Objects on the Stage below. 


(8.) The reflecting Speculum, ſerewed on to the Pillar, 
and moveable on a Joint, illuminates the Object to be 
viewed. From all which, you will readily ſee how eaſy 
and pleaſant it muſt be to view Objects ĩm this Conſtruc- 
tion of a Microſcope. There are many other Ways and 
Methods of applying ſingle Glaſſes, but none of them ſo 
well deſerve your Notice, as the four different Forms I have 
now deſcribed to you: But I muſt-take another Opportunity 
of explaining to you the Difference between fingle and 
compound Microſcopes ; the different Conſtruction of the 
latter, —and, laſt of all, the Nature and Conſtruclion of the 
Solar Microſcope, which muſt be the Subject of our enſu- 
ing Microſcopic Speculations “. 5 


* _ — — 


DIALOGUE II. 
Of the Nature, Conſtruction, and Uſe of Courouxp 
| M1croscoPEs. , 


Euphreſyne. | 
a T our laſt Interview you entertained me with an 


74 Explication of the different Forms and Conſtruction 


of fingle Microſeopes, and promiſed me, in our next, the 


fame Thing with regard to compound ones; and I ſee, 
by the Inſtruments before me, that you intend to be as 
good as your Word. They are equally numerous, 
and much exceed them in Magnificence of Appearance; 
but, I fear at the ſame Time, fince they are not ſo ſimple 
in their Nature as the former, their Conſtruction and 
Effects will not be ſo eaſy to be comprehended. 

Cleon. When you fee the Parts of which they are 
compoſed, you will not find them fo very complicated as 
you imagine; and tho” they ſtrike the Eye with Grandeur 


and Sumptuoſity, yet the eſſential Parts, by which the 


Effects are produced, will be found to be very few, and 
thoſe eaſy to be underſtood. | 


— 1 — 


* See Plate XLIV. 5 
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Euphroſ. I hope 1 ſhall find it ſo; but, pray, is the 
Effect of a compound Microſcope above that of a ſingle 
One, in any Proportion to its Magnitude ? if it be, they 
muſt be wonderful Inſtruments indeed, 

Cleon. In anſwer to that Query, my Euphroſyne, I need 
not inform you, that your Sex, as well as our own, are 
very apt to be affected with Grandeur and Magnificence, in 
every Shape ; and the Microſcope, to many People, as 
much recommends itſelf by a pompous Appearance, as 
by its uſeful Effects: But as we are only at preſent con- 
cerned with the latter, I ſhall proceed to ſhew you the 
Difference between a ſingle and compound Microſcope, 


which conſiſts in the following Particulars : (1.) In the 


fingle Microſcope one Glaſs only was neceſſary, becauſe 
the Object itſelf was viewed by that Glaſs; but (2.) In a 
compound Microſcope the Image of the Object is viewed 
by the Eye, and therefore two Glaſſes at leaſt are neceſſary 
in this Conſtruction, v:z. one to form the Image of au 
Object, and the other to ſhew it magnified. 

Euphroſ. Then 1 apprehend, by what you have ſaid, 
that only two Glaffes are eſſential to a compound Micro- 
fcope : But beſides the two which you have now ſhewn me, 
I obſerve there are two others in the Inſtrument; pray, 
to what Purpoſe do they ſerve ? 

Cleon, They only ſerve to make Viſion more diſtinct 
and pleaſant, by properly attempering the Rays of Light, 
and enlarging the Field of View. The original Con- 
ftcuftion was with the two Glaſſes only; then a 3d was 
added, for an Improvement of the Invention; and, at 
laſt, a 4th, to complete that Improvement. —It requires a 
mathematical Skill in Optics, to conceive the Rationale of 
them all ; but you will eafily find, by Experiment, that 
they have each of them their peculiar Uſes, in producing 
the great Effect of a magnifying Power in the belt Manner 
poſſible. | | 

Euphroſ. You will be ſo good as to point out to me 
the Uſes of each particular Glaſs, and illuſtrate the ſame 
by an Example. | | 
Cleen. hat I ſhall readily do, with an Object a little 
in your own Way, 1 mean, a Row of the ſmalleſt 
Minikin Pins, which you can give me; and you will be 
no leſs pleaſed with the Oddity of their Appearance, than 
YOu are with their Uſes in Dreſſing. 

ES 5 
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Euphroſ. This Experiment will be very a-propos, in. 
deed. —Here is a Row of the fine Pins you want. 

Cleon. The Glafles of the compound Microſcope ate 
all contained in one Part, which 1s called the Body of the 
Microſcope, the lower Part of which is a long Pipe, or 


Snocut, as it is commonly called, on which is ferewed a 


Braſs Button, or Box, containing a ſmall magnifying 
Glaſs, which of itſelf has a conſiderable magnifying 


Power, as will appear by your applying the Row of Pins 


to the Focus of that Glaſs, which 1 have now taken off 
for that Purpoſe. 


Euphroſ. Well; how oddly they appear, indeed 3 


Their Heads as 


they look as large as Corking Pins : 
'There appears 


large as Bullets, rough and uncouth. 
juſt five in the Field of View. 5 

Cleon. By that you will know the Uſes of the other 
Glaſſes; for if now I ſcrew that on to its proper Place, 
at the End of the Pipe, and take off the Glaftes on the 
upper Part, then, by placing the Body in the external Part, 
or Caſe of the Inſtrument, I move it gently down towards 
the Pins that are now laid upon the Stage, and by adjult- 
ing the Glaſs to a little more than the focal Diftance trom 


the Object, the Image of the Pins are formed in the 


upper Part of the Body, as you will eafily fee by 
pong this Piece of oiled Paper in the Focus of the large 
Glaſs. x | 

Euphroſ. I ſee the Image very plainly formed upon that 
Paper ; and they appear this Way as large as in the other, 
or through the Glaſs itſelf. Fn; 

Cleon. The Image (as you learn from the Principles of 
Optics which you read) is as much larger than the Object, 
as its Diſtance is greater; and ſince the Diſtance of the 
oiled Paper from the Glaſs is 6 'Times as great as that of 
the Paper of Pins, therefore you ſee the Image of each 
Pin 6 Times in Diameter and Length greater than it 
appears to the naked Eye, from whence you underſtand 


that, by this ſingle Glaſs alone, the Object is magnified. 


6 Times: 1 hen, if this Image be viewed by another 
Glaſs, which you ſee here on the Top, of one Inch 
Focus, and therefore placed juſt one Inch above the oiled 
Paper, the ſaid Image will appear very diſtinctly to the 
Eye; and fince, in this Caſe, it is at leaſt 6 Times nearer 


= 


Glafſe 
learce 
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1. to the Eye than it can be ſeen without the Glaſs, therefore 
the Image will appear 6 Times larger, by Means of the 
re upper Glaſs than it does to the naked Eye ; and, conſequent- 
he ly, the Object will appear 6 Times 6, or 36 Times magni- 
or fied in Length and Breadth, and the Surface is magnified 
A 36 Times 36, or 1296 Times, and in Solidity 36 I imes 
ng 1296, or 46656 Times: And in that Degree you muſt un- 
ng derſtand the Heads of the Pins are magnified, as they are 
ins ſolid Bodies. —I will now put the Glaſs in its Place, and 
off then you may ſee the Experiment. | 
Euphroſ. They are magnified to a prodigious Degree, 
oy I allow ; but ſtill I cannot conceive they are magnified 
> As Forty-ſix thouſand Times. | 
Ars Cleon. There are no Fallacies like thoſe of Viſion, on 
| the one Hand, nor any Truths ſo much ſuſpected on the 
her other : We often ſee Things that are not, as if they were, 
ice, and cannot eaſily be perſuaded to the contrary; and no 
the leſs frequently we look upon real Facts as the greateſt 
art, Improbabilities. This ſhews, in general, how neceſ- 


ards lary the Knowlege of Geometry and natural Philoſophy 
ults is, to give People a juſt and adequate Idea of Things, 


rom and to free them from all Impoſition by their Senſes, as 

the WW well from optical as all other Kinds of Illufions 

by Thus much for the magnifying Power of the two Glaſſes, 

arge which greatly exceeds that of the ſingle Glaſs alone. : 
Euphroſ. But another Thing I obſerve, Cleenicus, is, 

that that though the Pins be much more magnified by the two 

her, Glaſſes, yet I obſerve not ſo many of them: for now, 

| lcarcely 3 appear inſtead of 5. „„ | 
es of Cleon. This is only the common Conſequence of mag- 


ject, rifying; for the more any Object is magnified, the leſs 
the Number or Quantity of its Parts appear: And it is for 
at of dis Reaſon, that this other larger Glaſs 8 the Body. 
each Melt) is added, to enlarge the Field of View, by dimi- 
niſhing the magnifying | Power of the two Glaſſes; ſor 
when J put this Glaſs in its Place, you will fee the Image 
is contracted on the oiled Paper above it, and by that 


other Means a larger Quantity of the Object will be depicted 

Inch pon it, and conſequently a greater Number of Pins will 

oule ippear, as you will find by trying the Experiment. 

to the Euphroſ. ' This I clearly ſee; but then one Queſtion 

1earer 25 occur, which is this ; you tell me, that one of thoſe, 
00 0L. II. n | 


Glaſſes 
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Glaſſes on the upper Part is employed to magnify, and 
the other to diminiſh the Image formed by the ſmall 
object (laſs; ſince this is the Caſe, is it not poflible 
for one Glaſs to anſwer the End of both; that is to 
fay, to magnify juſt ſo much of itſelf as they both do 
together ? | | | 
Cleon. T anſwer in the Affirmative, ene Glaſs will 
magnify juſt as much as the two; but there is another 
Purpoſe to be anſwered befides the magnifying Power, 
and enlarging the Field of View, and that is, to correct 
the Errors of Refraction by a fingle Lens, and to make 
the Field of View more perfect towards its extreme Parts, 
ſo that the Objects which he round the Circumference 
appear leſs diſtorted and confuſed than in an equal Field 
by a fingle Glaſs only: And morepver, the Rays of 
Light, paſſing through both Glafles, are ſo attempered, 
and, as it were, adjuſted, that the Cone of Rays entering 
the Eye, render the Viſion more eaſy, ſteady, and plta- 
fant * : All which you will eafily find by obſerving the 
Object through: both Glaſſes, and through one alone, 
when the magnifying Power is in both Caſes equal. And 
what I have obſerved now with reſpect to the Eye-glaſs, 
is equally applicable to the ObjeQ-glaſs below; and there- 
fore, when refracting Microſcopes are conſtructed with 
four Glaſſes, they are then as perfect as the Nature of ſuch 
Inſtruments will admit of, and ſuch a one J have here put 
Into your Hands. 

Euphroſ. The Microſcope, which you have been now 
fo kind as to make me a preſent of, is of a ſuperb and 
magnificent Form; and having ſe large a Bulk, I appre- 
hend the Field of View, and conſequently the Vie of 
the Inſtrument, will be ſo much the more perfect and 

_ pleaſant, | 

Cleon. In this you may, perhaps, be in ſome Degree 

miſlaken: It does not follow, that the Field of View is 


always proportioned to the Largeneſs of the Inſtrument, 


or Glaſſes ; there is a Mean in alt Things, or Limits, 
which, as your HoRACE tells you, are the Bounds of 
Topps Te N 5 Perfection, 


— A 


r 
— — 6 


* The 7 heory,. or Rationale of this Doctrine of the Compoli- 
tion of Glaſſes, and of diſtin and indiſtinct Viſion, is fully 
and particulafly explained in my new Principles of Achromatis 
Optic. | Gs 
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perfection, on either Side &f which it is impoſſible any 
Thing ſhould be right. —— You will wonder, perhaps, 
when I tell you, that a campound Microſcope may. be 
conſtructed not more than an Inch in Diameter, which 
will new you moſt Sorts of Objects nearly as well as this 
large one of two Inches: And to convince you of this 
Truth, I have provided likewiſe a compound Microſcope 
of a portable, or pocket Form, that you may take with 
you into the Gardens, or Fields, for inſtantly viewing any 
Obje& that may preſent itſelf in your. Walk. 

Euphroſ. You are very obliging, Cleonicus ; it ſeems 
to be a pretty, neat Inſtrument for that Purpoſe. —I 
obſerve, there is the ſame Number of Glaſſes in this as 
in the large One, and when I put the Row of Pins under, 
they appear, as you ſay, very nearly the ſame as in the 
larger Microſcope, and muſt conſequently afford me a Va- 
riety of optical Pleaſures from the Multiplicity of Objects 
which the Fields and Gardens afford !—But, methinks, 
I ſhould be glad to know ſomewhat of the Reaſon, why 
thoſe ſmall Glaſſes perform ſo nearly as well as the 
large ones ? | | | 

Cleon. The general Reaſon will appear from conſider- 
ing, that the Perfection of the Image in all the Variety 
of optical Inſtruments is regulated by the Aperture, or 


| round Hole, by which the Light paſſes through tha 
> 


Glaſſes from the Object; on which account we are 
obliged to have ſtrict regard to this Aperture of the Ob- 
ject- glaſſes on two Accounts ; the i is, becauſe the leſs 
the Aperture of the Glaſs is, the leſs will be the Erroc 
of Refraction, and conſequently the greater will be the 


perfection of the Image formed of the Object. — But, 
ſecondly, if the Hole be too ſmall, the Image will not be 


ſufficiently bright, and therefore the Aperture muſt be 
ſuch as will admit of a ſufficient Degree of Light, by 
which the Picture of Objects may be viewed to Advan- 
tage: Therefore the Perfection of the Inſtrument princi- 
pally depends on the Aperture, and not on the Size of 
the Object glaſſes, which you ſee is the ſame in the large 
and {mall 2 1 | e 

Euphroſ. This, I obſerve, and am very well pleaſed 
that you bave mentioned this Particular, which I might 
not otherwiſe have ſo well bs I as to what regards 

| 1 | the 


 croſcope is fixed on a proper Baſis, and therefore Objects 
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the Errors of Refraction, F muſt take that upon your 
Word: But I can readily apprehend, that if the Aperture + 
of the ObjeQ-glaſs be too ſmall, or too large, there will ex] 


certainly be too little, or too much Light for ſhewing the ren 
Object with a requiſite Diſtinctneſs and Perfection: and in 
there is as little Pleaſure in viewing the Image, tho' well a la 
defined, in the Dark, as there is when confuſed with too plat 


much Luſtre. But though the Object-glaſſes are alike in Poy 
the Parlour, and the Pocket-Microſcope, yet I fee the Eye. Cor 
glaſſes are widely different, being very large in the one, ont 


and ſmall in the other | follc 
Clean. It is true, they are; yet the Effect is nearly it n 
the ſame in each: And to convince you of this, I {hall mor 
ſhew you the Hole in that Piece of Wood which is uſually The 
called the Stop, which is placed between the Eye-glaſſes, nera 
and which is but a Trifle bigger in the large, than in the in t. 
fmall Microſcope, as by ſcrewing off the upper Eye-glaſs gethe 
vou will diſcern very plainly. | | the C 
Euphroſ. I ſee the Difference is but ſmall 5; but what Ei 

is the Purport of theſe Holes? N ſume 
Cleon. They ate intended to limit the Field of View WW ſuppc 

as far as it is perfect; and as they differ ſo very litile Ml Faſhi 
from each other, it is plain, the Perfection of Viſion Cle 
does not depend on the Size, or Magnitudes of the Eye. copes 
glaſſes— Upon the Whole, therefore, you will find, Wl (as it 
that there is but very little Preference to be given to the then t 
largeſt Microſcope, on Account of the Bulk of the Frame the B 
or Glaſſes. 8 | | | from 
Eupbroſ. Since this is the Caſe, pleaſe to let me know as for 
What are the peculiar Advantages of each Conſtruction. new, 
Clem. Iwill: And firſt, with regard to the Parlour- W that C. 
Microſcope, the Pacticulars which recommend it are as cope is 
follow: (1.) I have obſerved to you before, that Grandeur Wparalle 
\ pleaſes in every Shape, and we have naturally a high Foſitio 


Opinion of any Thing conſtructed in a magnificent there i: 


Taſte: The Palace is preferable, for its ſumptuous Ap- Center, 


pearance, to a Cottage; though you or I could fleep, of in the 
enjoy Life equally well in either. (2.) The large Mi- bode 
orm, 
Uſe; to 
dhaprees 
ore po 
Poxes, 


may be applied and viewed more readily, than when the 
Inſtrument is held in the Hand. (3.) There is in the 
Parlour-Microſcope, generally, a much larger and more 

| 3 expen· 
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expenſive Apparatus, that nothing may be wanting to 
render the Entertainments of this Inftrument pleaſurable 
in the higheſt Degree. (4.) There is in this Inſtrument 


a larger Diſtance between the Object-glaſs and the Eye- . 


glaſſes, and therefore, upon the Whole, the Scope or 
Power of magnifying will, in ſome Degree, in this large 
Conſtruction, exceed that of the ſmall. But then, 
on the other Hand, the fmall one 15 recommended by the 
following Conſiderations: (1.) Being of a Pocket Form, 
it may be carried any where, and, of Courſe, becomes 
more generally uſeful, than the large Microſcope. (2.) 
The Price is conſiderably leſs; and therefore ſuits the Ge- 
nerality of People much better; (3.) The ſmall Difference 
in the Effect between a large, and ſmall Microſcope, to- 
gether with the above Reaſons, incline many People to 
the Choice of the latter. | 

Eupbroſ. As to the Form of the Microſcopes, I pre- 
ſume, no great Matter depends on that; and farther, I 
ſuppoſe, the Two you have brought me, are of the neweſt 
Faſhion and Taſte. 

Cleen. They are the lateſt Forms in which Mieroſ- 
copes have been made —— The three pillar'd Microſcope 
(as it is uſually. called) is, indeed, an old Faſhion, but 
then they have always been made in the large Form, and 
the Braſs Legs, or Pillars, of a different Shape and Size 
from what you ſee in this Pocket-Microſcope,— But 
as for the Form of this Parlour-Microſcope, it is quite 
new, as, none, that 1 know of, have ever been. made of 
that Conſtruction before; for in this Form the Microſ- 
cope is placed in any Situation, either perpendicular, or 
parallel to the Horizon, or it may be placed in any oblique 
Poſition, as Occaſion may require; beſides this Advantage, 
there is yet another in the circular Stage that moves on a 
Center, and thereby ſhews all the different Parts of Objects 
in the moſt commodious Manner; theſe two Particulars, 
together with the Lightneſs, Air, and Elegance of the 
Form, render it, in my Opinion, moſt proper for a Lady's 
Uſe; to which may be added, it being contained ina neat - 
dhagreen Cale, with a complete Apparatus, renders it much 
more portable than thoſe of the uſual Forms kept in wooden 
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 Euthrof. I think myſelf greatly obliged to you for the bit 
Trouble Il have given you in ſo many Interrogatories _ 
about Microſcopes, and for the Satisfaction you hare Gl: 
given me in their Solution. At preſent, I think, it will W. 
be proper to deſiſt from any farther Enquiries of this Kind, 2 85 
but ſhall be glad to embrace the next Opportunity for tha Wl by 
Purpoſe. | e | 6 
3 : {3+ 

" 5B | %% Te 

| | ove! 

DIALOGUE II. 05 

| | tral 
On the Nature, Confirubtion, and Uſe of the Sor the 
Mrcroscorpe, -; rex 

| Cleonicus. (5. 
1 Have hitherto entertained you in the beſt Manner Ian cope 
able, with an Account of microſcopic Conſtruction (.) 

of different Forms and Kinds; nor have I finiſhed that cope 
Subject yet, as there remains one which far exceeds l deſc 
the reſt in its magnifying Power, or the aſtoniſhing Ap- Part 


pearance it gives of the ſmalleſt Objects. E 


Euphroſ. This, I preſume, is the Solar Microſcope, fe t 
which I have heard you ſpeak of very often, on that Ac ente 
count—is not this the Inſtrument now before me on the Man 
Table ? | By Fn "Of 

Cleon. That is the Solar Microſcope, whoſe 'Natul| in 2 


and Conſtruction I ſhall now explain to you; and then This 


afterwards, entertain you with ſome Experiments of i vide: 
Uſe. | the 
N It is called the Solar Microſcope, I ſuppoſe in its 
from its being uſed with the Sun, or rather, that it! Fi 
entirely afclef without the Sun-heams ; for I have hen Boar 
you ſay, that it is applied to Uſe in a Room that i This 
darkened, and then only when the Sun ſhines. But th Se, 
Method of its Application in the Camera Obſcura, as o with 
call it, is a Thing as yet I have little or no Idea of, and Mear 
is what, I preſume, you intend to inſtrutt me in. ing-p 


' - Clean. This Morning is devoted to that ' Purpoſe. —YW bere 
The Room is darkened and ready for Uſe, and the out 


will probably continue till 1 hays diſpatched, in oi 
| | | Word 
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Words, the Deſcription and Uſe of the ſeveral Parts of 
the Microſcope.— You will therefore obſerve, this Inſtru- 
ment conſiſts of the following Parts: (.) A long plain 
Glaſs in a Braſs Frame, which goes on the Outſide of the 
Window to receive the Sun-bearns which fall obliquely 
thereon. (2.) The ſquare Plate, or Frame of Braſs, is, 
by a Couple of Screws, faſtened to a Window-ſhutter, 
containing a Hole for the Looking: glaſſes ro paſs through. 
{3.) In the Middle of this Plate lies a Wheel with 
Teeth, concealed, with a circular Rim of Braſs placed 
over it, and is mgveable by a Wheel and Pinien, which 
you obſerve in one Angle of the Plate, 4.) In the cen- 
tral Hole of this circular Wheel, or Piece of Braſs on 
the Outſide, towards the Looking-glaſs, is fixed a con- 
vex Lens, whoſe focal Diſtance is about 8 or 10 Inches. 
5.) In the Hole of the ſame Plate, on the Face of the 
Inſtrument, is ſcrewed the Tube or Body of the Microf- 
cope, with its Drawer or fliding Part, as you there ſee. 
{6.) On the End of this Slider is ſcrewed a fingle Mieroſ- 
cope of the firſt or ſecond Form, which I have before 
deſcribed. to you: and thus you fee all the component 
Parts of this curious Machine as they are put together. 
Eupbroſ. Well; but, methinks, I ſhould be glad to 
ſee the particular Uſe of each of theſe Parts, before we 
enter the dark Room, where I cannot ſo well ſee the 
Manner of their Application. | 
Clean. This I can ſhew you juſt as well in a light, as 
in a dark Room; the Light is no Obſtruction to any 
Thing but forming a Picture of the Object; I have pro- 
vided a Board with a Hole of the ſame Size with that in 
the Window-ſhutter, to which I ſhall apply the Machine 


in its ſeveral Parts ſucceſſively. And, 


Fir/l, I put the Looking-glaſs through the Hole of the 
Board, and then ſcrew the Plate firmly on to the ſame. 
This done, then, 1 | 
Secondly, I turn the Pinion which moves the Wheel 
with the Looking-glaſs on it, towards the Sun, by which 
Means the Rays of the Sun are reflected from the Look- 
ing-glaſs, through the convex Lens into the Room; as 
here you ſee by the Experiment. | 
Thirdly, It is neceſſary in the Uſe of this Inſtrument, 
that the Sun-heams ſhould be made to go ſtrait acroſs the 


place yourſelf in the Chair I have there ſet for you 3 you 
will there be near me, to ſee the ſeveral Proceſſes in the 
Application of the Inſtrument, and at a proper Diſtance 
to view che Image to the beſt Advantage. 

if Euphroſ. J am ſeated, as you direct. You may pro 
1 | geed to r Operation as ſoon as you pleaſe. 
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1 Room, or parallel to the Floor, and to fall perpendicular 
5 on the oppolite Wall or Side of the Room. Now there 
. is but one Poſition of the Looking-glaſs that will reflect 5 
1 the Rays in that Manner, and therefore you ſee here is | 
4 a ſmall Wheel, and Endleſs Screw, fixed on the other l 
1 Part of the Plate, for moving the Looking-glaſs up and = 
4 down, till it comes into the W Poſition; and then ] 
F you obſerve, *. 8 
18 Four thly, the Beams at” Light are refracted through the ] 
=_ convex Lens to its Focus, which, you plainly ſee, is at 
1} the Diſtance of about 10 Inches tow the Glaſs. .* © b 
1 HF. Hb h, From the focal Point you obſerve the Rays pro- a 
Wl | ceed diverging, and form a large Circle of Light on the 
W | oppolite Side of the Room. | a 
= Sixthiy, I ſcrew on the Tube with the ſmal] Microſcope, 2 
and place the Slides mes, with the Objects intended to I; 
1 bs. magnified. tl 
} Seventhly, This done, 1 move the Drawer ſorward and en 
oo backward, till bring the Object in the Slider within a 1 
i | ſmall; Diſtance of the Focus of the convex Glaſs, where 8 
1 vou may obſerye it is very much illuminated in the denſer th 
6 Pe of the Cone of Rays : T ben, th 
1 Eigbis ty, and laſuy, I apply the ſmall Magnifiers to C 
li the lingle Microſcope, and by the adjuſting Screw, move | 
| them.tofuch a, Diſtance from the Object, as ſhall ſhew an 
their Image very plain and large, upon a Sheet hung on fa; 
the oppoſite, Side of the Room. And thus having ſhewn | 
you how, every Part is applied. to Uſe, I ſhall repair, with ſec 
you, to the Room made dark, there fix the e th: 
| and ſhew you its ſurpriſing Effects. Ke s 
| . Eupbroſ. 1 ſhall, with great Pleaſure, attend you on 
i this Occaſion; to fee how Darkneſs itſelf conduces to yo! 
. Liebe. theſe Experiments, which depend on the ſtrongeſt it 
Yi ight. 8 | 
„ Clem. Here, my Euphroſyne, enter the Room, and 
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Clean. The firſt Object I ſhall put in the Microſcope is, 
a tranſparent Scale of a Sole fiſh—obſerve its Image upon 
the Sheet. N 
Euphroſ. Its Image I ſee ſomething prodigiouſly 
large, indeed; and you amaze me, when you fay it is 
only the Scale of a Sole: It appears at leaſt 12.or 15 
Feet long, and 6 or 8 Feet wide ; it fills almoſt the 
Side of the Room. — How thick ſet with long ſharp 
Points at one End! its Subſtance tranſparent, and varie- 
ated with beautiful Undulations:. Were the whole 
Fiſh magnified in the ſame Proportion, it muſt ſurely be 
as big as a Whale. | | U | 
Cleon. You might have ſaid, my Eupbroſyne, as big as 
a hundred Whales; ſince the Fiſh, magnified as much 
as its Scale, would appear very near half a mile Jong.— 
By this Inſtance, you ſee how Nature has provided for 


the Defence of the Sole-fiſn, ſince the external Part of 


every Scale is armed with thoſe ſharp pointed Spines, or 
TORO: 0 i BT 4 ne RG: FOTA3S e 
Euphroſ. 1 have often obſerved, that the Surface of 
thoſe Fiſh were very rough to the Hand: but never knew 
the Reaſon of it before.“. What is the next Object, 
Cleonicus ? © | uc COD TURE BY 
Cleon. I have ſhewn you the magnified Scale of a Fiſh, 
and I will next ſhew the Scale of an Eel, magnified in the 
ſame Proportion. es Cre Sd 
Euphroſ. The Scale of an Eel, Cleonicus, that Expreſſion 
ſeems to have a ſtrange Sound: T am fo great a Virtuoſo, 
_ neyer before heard of, or knew there was any ſuch 
ing. | 7 £667 en 
Cleon. That may be, and numberleſs others beſides 
yourſelf are not only ignorant of it; but will not believe 
it when it is told them: Nay, the Fews infiſt that it is 
contrary-to the Mofarc Law, by which they are forbidden 
to eat of that delicious Diſh, as they apprehend that Eels 
come under the Denomination of that Sort of Fiſh which 
have no Scales. But obſerve, on the Sheet, the 
Picture of one in its full Dimenſions and Perfection. 8 


— I 


. 


* See a microſcopic View of the Skin and Scales of a Sole: 


* 9 
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Euphroſ. A prodigious Spectacle this 
as large as the Scale of a Sole, but of a very different 
Form; its Subſtance ſeems to be one continued Piece 
of Net-work, proceeding in long oval Rings, as it were, 
from a common Center: I obſerve no Briſtles, or 
Points, in this, nor can I tell on what Part it grows on 
the Body. | | 70 

Cleon. Theſe Scales, my Euphroſpne, differ from the 

Scales of common Fiſh, in. the following Particulars; 
Firſt, they lye not on the external Surface of the Eel, but 
are contained under one common Covering, or Skin, 
Secondly, they do not lye one oyer another, as the Scales 
of a common Fiſh ; but are placed one by the other, as 
thick as they can lye, through the whole Skin of the 
Fel. Thirdly, their reticular Form, or Net- like Texture, 
is ſuch as we obſerve in no other Sort of common Filh- 
Scales; beſides many other Peculiarities which I ſhall ob- 
ſerve to you at another Seaſon. Vou will next behold 
the wonderful Appearance of a certain Species of Fels 
themſelves, real living Animals, 8 : 
. pbrof. Living Animals, Clonicus ! ——— they have 
really ſo much Life and Motion, and monſtrous Size 
withal, that J have ſcarce: Courage enough to keep my 
Seat. Who could have thought to have ſeen, in a Mo- 
ment's Time, that Sheet transformed into a Lake of 
Conger Eels? They are vaſtly numerous, indeed, 
and larger in Size than I have ever feen any 
Thing of the Kind; 5, 6, or 7 Feet long, and 3 or 4 
Inches thick : — I heir quick tortuous and ſerpentine 
Motionsare really amazing and ftupendous. Pray, what 
are theſe Creatures in themſelves, and how came you by 
them? | f 

Clean. Theſe are really a Species of ſmall Eels, or 
Anguiculæ; they are found very common in ſour Paſte, 
or ſtale Vinegar, and ſome other Fluids, of which I ſhall 
have the Pleaſure to entertain you, one Day or other, with 
the common Microſcope, when you will find that, not- 
withſtanding the Appearance they now make by the ſolar 
Microſcope, they are ſcarcely viſible to the 3 Eye; 
Tuch Objects of Miniature are the mighty Serpents you 
now ſfee.* 
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_ thoſe beautiful fix-ſtded Figures. 
what Purpoſe do they ſerve, in this viſual Organ, in the 
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Eupbroſ. They are every Way wonderful, I find. 
What do you intend to ſurprize me with next, 
Cleonicus ? | 
Cleon. You will juſtly admire. the wonderful Mecha- 
niſm in the Eye of a Fly. 
Euphreſ. A glorious Object, indeed !—the fineſt Piece 
of Lattice-work my Eyes have ever yet beheld : How 
grand and beautiful are the Works of Nature, and what 

reat Variety in the Structure of the ſame Organ! 
Th the Surface of this ſmall Eye, I obſerve Myriads of 
Pray, Cleonicus, 


, 


Fly ? | 

Cleen. We are not yet acquainted with the Deſign of 
Nature in every Part of her Operation: But I ſhall re- 
commend you to read the ConjeCtures of ſome of the beſt 
Naturaliſts upon this particular Subject, rather than give 
you my own Opinion concerning it“. Every Part 


of a Fly is equally wonderful, as you will ere long be 


ſatisfied by the common Microſcope ; but they are not 
all equally proper Subjects for the folar Microſcope : But 
the Wings of moſt Flies may be fhewn to great Advantage 
in this Inſtrument, particularly thoſe that are membranous 
and tranſparent ; nay, even the hard Wings of the Scarab 
Kind are ſome of them, in the ſmaller Species, moſt ex- 
cellent Objects for this Purpoſe—See one of them fill the 


Whole Side of the Room. 


Euphroſ. Is this, Cleonicus, the Wing of a ſmall; 
contemptible Scarab ?——This is a ſufficient Inſtance, 
to prove how neceſſary it is to apply the Inſtruments of 
Art for giving us right Notions and juſt Ideas of the 
Works of Nature. I think this is the richeſt, and 
moſt gloridus Spectacle J ever ſaw, and can ſcarce help 


U 


looking upon it as the Height of Nature's Fancy, in 
Point of Grandeur ;—it ſeems all an embroidered Ground 


| | of 

* See the magnified Head and Eyes of a Bee, in a large Cop- 
orgy Print, with ſome Account of it. And in my Optical 
SAYS you will find a large Account of the Nature of VI- 
810m in InszcTsexplained in a Diſſection of the Eye of the 


Libella, or Dragon Fly. 


— ———— —E—— — 
* 
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intend ſhall gratify my Curioſity? 


as big as Mill-poſts: 
Spider as this make, with every Part magnified two thou- 
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of Gold, emboſſed and ſtudded with Diamonds, in fach 
beautiful and regular Squares of Cheques and Compart- 
ments, as nothing but an actual View of ſuch a high 
finiſhed Piece could ever raiſe an Idea of.—Pray, how 
large may the Animal be that is thus fo richly; bedecked 
and adorned ? 1 8 | 

Cleon. This ſmall Beetle you may have often obſerved 
crawling about upon rotten Wood, old. Walls, Sc. of 
ſo diminutive a Size, as not to exceed one Tenth, or 
Two, of an Inch, and therefore eſcaped your Notice: 
But were theſe minute Creatures to become magnified at 
once, two thouſand Limes in Length and Breadth, as is 
the Caſe of the Wing you now ſee, what ſtupendous 
Admiration would they excite in all Mankind ! —-The 
higheſt Wiſdom hath directed you to contemplate the 


Gaiety of the Lily, and other fine Flowers of the Gar- 
den, with a Remark, at the ſame Time, that Salomon, 


in-all his Glory, was not_arrayed like one of theſe. But 
if, as I ſaid, thoſe Animals were to appear at large, we 
ſhould find Nature much more proſuſe in the Richneſs 
of her Ornaments and Embe:liſhments to them ; and that 
the Robes they are invelted with, do. far ſurpaſs not only 
the Glory of Solomon, but all the Pomp and Grandeur 
that all the Courts in the World can affard in Works of 
Art. | | | 
Euphroſ. ] ſhould never be tired with feaſting my Eyes 
with theſe delightful Scenes ; but I muſt not detain you 
too long in Particulars. What is the next Object you 
Clean. It is what they call the Exuviæ, or caſt-off 
Skin of a Spider.——oce the wonderous Appearance on 
the Sheet, 355 : was | 
Euphroſ. Prodigious !. nay, even ſhocking ;—W hat a 
hideous Apparition is this! a Head three Feet long, — with 
8 Eyes as big as Saucers; eight monſtrous hairy Legs, 
| What Appearance mult ſuch a 


ſand Times in Length and Breadth, as I now ſee it, alive 
and in Motion. 


Cilbeon. Your Sex are generally intimjdated enough 
with this Animal in its natural Size and Appearance ; 
but, were a Spider, aa large as you now ſee this, to 2 

ä rom 


8 2 
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from the Clouds in the Middle of Smithfield, on a Market- 


day, it would ſcare not only the Ladies, but the But- 


chers themſelves, and find Oxen to feed on inſtead of 


Euphroſ. T don't know but that might be the Caſe, 
as I have known a Spider to have conquered an Ant, and 
devour it, though nearly as big as itſelf : Bur enou£? of 
this tremendous Creature, What does your Microſcope 
next diſplay upon the Sheet ? | 

Cleon. A Spectacle that will fill you with equal Amaze- 
ment and Delight.—See Rivulets of fluid Particles run- 
ning over all the Side of the Room. 

Euphroſ. What can this mean? 


I gueſs, by 


what | have heard you fay, that this is the Circulation 


of the Blood in animal Veilels. —But what an incredible 
Number of Streams there are, and with what Velocity do 


they flow in every Direction through the Scene !- Pray, 


Cleonicus, what Part of the Animal 1s it that appears thus 
large and tranſparent, and in ſuch a wonderful Degree of 
Motion ? | | | | 
Cleen. It is the tranſparent Tail of a Water-Newt, 
which I judge to be the beſt Subject of all for this Pur- 
poſe, and are found in every Pond of Water. The Tail 
of a Tad-pole will do nearly as well; as alfo the tranſ- 
parent Web and Toes in the Foot of a very ſmall Frog ; 
the Tail of that Fiſh we call the Loach ; and many other 
Subjects may be innocently applied forthis Purpoſe, with- 


out thoſe cruel and inhuman Methods, practiſed by fome 


who appear to have more the Form, than the Rationality 
of Men k. 8 e | 
Eupbroſ. J abhor the Thoughts of Cruelty, in 
every Shape, and ſhould rather be thought to have no 
Curioſity, or Taſte at all, than a vicious One.——T am 
thoroughly ſenſible, by this Experiment, how the Blood 


flows through the Arteries to the extreme Parts, and from 


thence returns again by the Veins ; I ſee the very Form 
and Size of the Particles of Blood : And therefore keep 
the Creature no longer in ſuch a Condition, which, though 
It 


. 
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The barbarous Practice of A ig a Frog alive, to ſhew 
the Circulation of the Blood in the Meſentery, is here referred to. 


Re . 
— — 


— 


5 — 
— 2 —— N 


—— — 


* 
— — — 
SER. APE 7; : a— 22222. af HE A We; lng pee nary Pos 


90 THE YOUNG GENTLEMAN 


it may give me much Pleaſure, may be very uneaſy to 
itſelf. —1 now wait your following Exhibition. 
Clean. Keep your Eye ſtedfaſt upon the Sheet, and 
133 ſoon ſee a common Animal appear in quite a new 
1 | | | 
Euphroſ. This is a terrible Appearance, indeed. 
Whig hideous Monſter do I fee ?—How large his Head, 
his jointed Horns, its bulbous Eyes, and monſtrous Legs 


and Claws, the Motions of which are very terrible in 


Appearance: I ſuſpect, by the Form, that this frightful 
apr is the Louste.—— But what is that red Spot I 
ee in the Forepart of its Body, attended with an odd Kind 


of Motion? 


Cleon. It is a living Louſe that you ſee, and the Spot 
which you mention ſnews the Place and Pulſation of the 
Heart; from which, you obſerve a Motion of a vital 
Fluid through the middle Part of the Abdomen, or large, 
hinder Part of the Body: But you ſee nothing like the 
Circulation of the Blood in other larger Animals, by 
diſtinct Arteries and Veins. How the Circulation of the 


Fluids are carried on in this, does not, even by this In- 
ſtrument, appear | 


Eupbreſ. Well; an uglier Thing I ſcarce ever ſaw; 
they are Objects of our Averſion in their natural minute 
State; but what an horrible Aſpect they have now 


I have viewed this Monſter long enough. Pray, what 


Appearance does a Flea make ? 


ſee it. 2 

Euphroſ. I do, ſure enough :—It is as large as an Ox, 
— it ſeems to be a Creature covered with a Coat of Mail 
or Tortoiſhell, —its Appearance is rather uncouth than 
formidable, and a good deal in the Shape of a Lobſter, 


as you formerly told me :—— What an amazing Head it 


has, with a large black Eye.—But what is moſt ſurpriſ- 
ing in the ee of this Animal is, the peculiar and 
wonderful: Form of its Legs, by which one may eaſily ſee 
how Nature has prepared it for moving in the _ It 

| oes. 
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Ses a Print and Defcription of the Louſe. 


Cleon. I have one at Hand to ſhew you.—Therg, you 
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does.—I can likewiſe perceive, in the Body of this Ani- 
mal, a Motion of the Fluids ſomewhat like that in the 
Louſe *. But now for another Object, Cleonicus, if you 
leaſe. : | 

, Cleon. I ſhall now entertain you with a few extraordi- 
nary Views of the vegetable Kind. —Look at the Sheet, 
and tell me what you think you ſee there, my Eu- 
phroſyne. | 

Euphroſ. You have ſuddenly transformed the Scene to 
ſomewhat like a wonderful Sort of Stars, —fome of which 
are opake, others tranſparent ;z—they are perfectly round, 
and large as Cannon-Balls :— They are vaſtly numerous, 
and make a delightful Appearance, truly.—Pray, what 
can it be, of a vegetable Nature, that I ſee ? 

Cleon. It is what the Botaniſts call the Farina, or that 
duſty Matter which grows on the Apices in the Middle 
of the Flowers, of which you ſee great Quantities in the 
Tulip, the Lily, and many others : But that which I 
have in the Microſcope, is the Farina of a Holyhock, 
and is found in all of the Mallow Kind; forin every Plant 
of a different Species, thoſe Particles have a peculiar Size 
and Form, as you may obſerve at your Leiſure in the com- 
mon Microſcope. Now caſt your Eye again on the Sheet, 
and you will fee an Object that will give you Pleaſure to 
view it, | 

Euphroſ. This is a curious Phænomenon indeed: 
This has, in Truth, the Appearance of Vegetation 
itlelf: - How beautifully coloured, and regularly branched 
and ramified in every Part !——Pray, what do you call 
this, Cleonicus? | 

Cleon. It is a Species of a very fine Sea-Plant, or Co- 
ralline, of which there are innumerable Kinds, and all 
make the ſame beautiful Appearance you now ſee: for not 
only the Earth, but the Sea is productive of Vegetables, 
Plants, and Trees of various Kinds and Sizes; all which 
afford the moſt curious Objects for the Microſcope. — 
Again, you ſee the Scene is changed, and another Part of 


a Vegetable expoſed to your View. . 


s. 4 


* See a Print and Deſcription of the Flea. 
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_ Euphroſ. I think the Appearance of it very fine and 


delicate; but what it is, I cannot conjecture, as I never 
remember to have ſeen any Thing in a Plant of this curi- 
ous Texture. | | 

Cleon It is a very thin tranfverſe Slice of the Pith of 
Elder, and though we know ſo little of the Uſe of that 


Part of the Plant, yet you may be aſſured that ſomething 


very conſiderable depends upon ſo elegant, and quite a 
geometrical Structure. The next Object has a ſimilar 
Appearance, but the Pores much ſmaller. 

Euphroſ. Be this what it will, it is vaſtly beautiful ;— 
thePores, it is true, are much ſmaller, and more nume- 
rous, and therefore a more compact Subſtance than the 
Pith ; but what Part of the Plant it can be, I am as much 
at a Loſs to gueſs as I was before. N 

Cleon. This is a very thin Piece of Cork, which you 
know, is a vegetable Subſtance, as it is the outer Part of 
the Bark of a Cork- Free; and though we cannot fo well 
tell the Uſe of theſe Pores in Vegetation, yet, as they 
render Cork a ſoft and yielding Subſtance, they make it 
a very fit Medium for many Uſes in Life, particularly 
for corking of Bottles, and ſundry other Uſes for Fiſher- 
men, &c, —Another Object well deſerves your Notice: 
Look upon the Sheet, and you will ſee it. | 

Euphroſ. IT ſee ſomething in Appearance very regular, 
full of Holes of a larger and leſſer Size, and diſpoſed ina 
very beautiful Order :—Bur this, like all other Objects 
in this new View, becomes quite unknown to me, how- 
ever common it may be to the vulgar Sight. 


Cleon. This, my Euphroſyne, is the eſſential Part of a. 


Plant, it is a very thin Slice of Oak, cut tranſverſely, ſo 


as to render 1t quite tranfparent ; for, by this, it appears, 
that the Body of a Plant conſiſts almoſt entirely of long, 


hollow Tubes, or Veſſels, the Orifices of which, when 
cut aſunder, are what make that variegated Appearance 
of Ringlets of different Sizes upon the Sheet. Thoſe 
of the lar geſt Sort are the Orifices of Air- Pipes, which is 
that Syſtem of Veſſels which circulate the Air through 


the Body of a Plant; and though ſome of tbem appear 
now near a Foot in Diameter, yet, in themſelves, they 


are ſcarce viſible to the naked Eye. The other. Order of 


ſmaller Orifices are thoſe of the Sap - Veſſels, which m—_— 
| | ate 
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late the nutricious Juices of the Earth to all the Parts of 
the Plant; and it is theſe that make the very Subſtance of 
the Plant itſelf, and conſtitute thoſe cylindric Shells of 
Wood which appear in cutting the Tree aſunder, each of 
which is the Product of one Year's Growth: All which I 
ſhall more particularly diſcourſe of, to you, at another 
Time. At preſent, theſe Spegimens muſt ſuffice for 
the Uſe of the ſolar Microſcope, and for giving you a 
juſt Idea and Eſteem for ſuch an excellent Inveation, 
and which exceed all others of the optical Kind. 

Euphroſ I am much obliged to you for the trouble I 
have given you, and for your Confinement ſo long in a 
dark Room; and I ſhall always look upon the Experi- 
ments of the Microſcope, and eſpecially of this Sort, 
as the moſt ſublime and rational Amuſements of my 
Life. h | 


= 
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DIALOGUE IV. 


The Deſcription of a Microscoeic ApPARATUs- 


conſiſting of a Single, Compound, and Solar 
Micgoscops together. - | 


Cleonicus. 


AS the Minds of Men are affected with a Variety of 
| different Sentiments, in regard to the Manner and 
Form of Things deſigned to anſwer the fame Purpoſe; fo 
the Artiſt, in order to pleaſe, is obliged to contrive his 
Inſtruments of many different Forms and Structures; 
for his Mechaniſm muſt always vary with the Fancies of 
Mankind; and nothing appears to me a greater Inſtance 
of Providence, than that Variety and Mutability which 
we find in the Judgment and eleCtive Faculties of the 
human Mind : For if all Men were to fancy the fame 
Thing under the ſame Form, and conſtantly to perſevere 
in their firſt Choice, there would be but little Buſineſs for 
Men to be employed in, 'and the World would become a 
dull Scene, in Compariſon of what it now is.—I have 
already laid before you the different Sorts of fingle, 

Vor. II. O com- 
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compound, and ſolar Microſcopes, as they are uſually 
conſtructed, and fold. ſeparately by themſelves, for the 
Gratification of thoſe who chuſe to have them in that 
Manner :—But as ſome People are fond of fingle Struc. 
tures, and like to have every Thing by itfelf ; ſo others 
are pleaſed with Compoſition, and chuſe to have as many 
Purpoſes as poſſibly can be anſwered by a Set of Inſtru- 
ments in the leaſt Compaſs: And to oblige fuch Gentle- 
men, Opticians have found out a Method of combin- 
ing the fingle, compound, and folar Microſeope toge- 
ther, in ſuch a Manner, that they are contained in much 
Jeſs Room, can be afforded at a leſs Price, and make 2 
convenient microſcopic Apparatus in one portable Caſe; 
and to give you a diſtin View of the Inſtruments thus 
1 is propoſed for the Employment of our preſent 
our. | 
Euphroſ. Notwithſtanding you have been ſo kind as to 
furniſh me with all the Inſtruments under the Denomin · 
tion of Microſcopes, yet I ſhall be obliged to you for 2 
View of that more compendious Form of an Apparatus 
you have now mentioned, and fhall gladly receive your 
Inſtructions for the Uſe of it. EE . 
Cleon. You ſee, my Euphreſyne, they are all contained 
in this Shagreen Caſe, and are only the eſſential Parts of 
the three different Kinds of Microſcopes, to be united as 
Occaſion requires.—T hus, the fingle Microſcope is that 
which you have of the fourth Form, (Plate 44. Fig. 1.) 
on the upper Part of which (at L) you ſcrew on the 
Body of the double Microſcope, {Fig- 2.) by the lower 
Part of the Snout (F:) Then, when the Objects are ap- 
plied in the Ivory Slider (H) on the Stage (G, ) they 
may be viewed by any one of the ſix Magnifiers con- 
tained in the eircular Piece of Braſs (K,) as they are 
ſucceffively moved and placed under the central Hole in 
the Part (L,) fince the Stage (G) may be moved nearer 
to, or farthey from the Part (L) by Means of the Sliding- 
Apparatus (E F and the two Screws (a, 6) The Ob- 
jects are illuminated by the refleting Mirror, (M) move- 
able on the Joint (N.) of a Piece of Braſs fixed to the 
Pillar (C) of the Mieroſcope.— And thus you ee 
how eaſily and readily you form a compound Microſcope 
at Pleaſure. | | | 
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Euphroſ. It is with great Satisfaction that I obſerve it, 
and which 1 ſhall frequently put in Practice; but, pray, 
Clionicus, could not the magnifying Glaſſes be applied in 
a Slider, as they are in the ſecond Form of ſingle Mi- 
croſcopes? ee ne GE 

Cleon. Undoubtedly, they may: But each Way 
is ſo eaſy and convenient, that it is hard to ſay which is 
beſt : But, as you have the fliding Glaſſes already in the 
Microſcope of the 2d Form, I have choſe to give them 
you in the circular Plate in this. * | 

Eupbreſ. Very good, Cleonicus; but how do you pro- 
ceed to apply this ſingle Microſcope to the Compoſition 
of a ſolar Microſcope ? 3 | 

Cleon. This is done with a great deal of Eaſe; for 
you have only to obſerve, that on the external Part (A) 
of the Drawer (B) in the Tube (C) of the ſolar Microſ- 
cope, there is a Screw; and alſo in the Foot (A B) of 
the ſingle Microſcope there is a central Hole (O,) with 
the Threads of à Screw cut in it, the ſame with thoſe on 
the Part (A) in the ſolar Microſcope, and conſequently 
the Drawer (A) may be readily ſcrewed into the Hole 
(O,) and thus the ſolar Microſcope is completed. = 

Euphroſ. I readily perceive it is; for, when the Plate 
(G F) is faſtened upon the Window-ſhut, the Diſpoſition 
of the ſingle. Microſcope is horizontal; and when the 
Speculum (M) is turned down upon the Pillar (C,) then 
the Rays of Light reflected from the Looking- glaſs (H) 
without the Convex Lens at (D) they will, by its Re- 
fraction, be converged in ſuch a Manner upon the Objects 
in the Slider (H) as to illuminate them very ſtrongly, ſo 
that their Images, formed by the Glaſſes in the Plate 
(K,) may be ſufficiently viſible in their various Degrees of 
Magnitude on the oppoſite Side of the Room. — This 
is, indeed, a very ſimple, and, at the ſame Time, a very 
artful and elegant Compoſition of optical Inſtruments. 
Pray, can any Thing further be expected to aſſiſt us in 
viewing the Minutiæ of Nature, beſides the Inſtruments 
you have now deſcribed ? „55 

Cleon. I am greatly pleaſed to find you inquiſitive; 
many People of a leſs happy Diſpoſition would have 
thought I had harangued them full long enough on this 
Subject: But, as I have often told you, I am 

O 2 | | deter- 
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determined that nothing ſhall eſcape your Notice which 
is deſerving of it, and is, at the ſame Time, in m 
Power to lay before you; and therefore I ſhall hereafter 
ſupply you with other Ways and Means for viewing ſmall 
Objects :- I mean, by thoſe Inſtruments we may 
properly call catoptric Microſcopes, or ſuch where the 
Viſion of Objects is effected by reflected Light; and 
u muſt know, and I doubt not but you will then find, 

y Experience, that this is the moſt exquiſite and per. 
fect Kind of Viſion that Nature affords: For all the 
Microſcopes that we have hitherto been - contemplating 
the Nature of, conſiſt of Lenſes only, and produce their 
Effects by refrafted Light; therefore the Viſion of an 
Object will be imperfect upon two Accounts; the firſt js, 
becauſe the regular Refraction of Rays will be obſtructed 
by the Figure of the Glaſs; becauſe the Rays which go 
through one Part of the Glaſs are not refracted preciſely 
to the ſame Point with thoſe which paſs through another 
Part; and therefore every individual Point in the Obje& 
cannot be repreſented by a ſingle Point in the Image, but 
will be, as it were, dilated into a ſmall Space, and, con- 
ſequently, the ſeveral Points of the Object will be con. 
Fuſedly blended together in the Image; therefore it muſt 
not be viewed by a Glaſs that magnifies too much, leſt it 
ſhould diſcover the Imperfection of the Image, and ren- 
der the View diſagreeable. 5 3, 

.  Euphroſ. You are now upon ſuch a nice Subject, and 
what I have been ſo little uſed to think of, that J can but 
Juſt comprehend your Meaning.—I think, you intend | 
ſhould underſtand, that unleſs every Point of the Object, 
1 which ſends forth Rays to the Glaſs, could have all thoſe 
4 Rays collected into a ſingle Point, the Viſion or Image 
14 of that Point cannot be diſlinct and perfect. Am I right, 


Cleonicus? 


= 
S 


1 Clean. It is the very Idea I endeavoured to convey; 
7 but that is not to be abſolutely effected by Glaſles .——— 
| - Beſides this, there is another, and ſtill greater Cauſe of 
imperfea Viſion by refrated Light, and that is, the 
- different Refrangibility of the Rays of common Light, WM. 
that is to ſay, the Rays of Light, proceeding from the WY 5. 
14 fume Point of an Object to the fame. Part of the Lens, 
4 wit ſome of them de tefracted to one Point in the Axis, 
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and ſome to another: Or, in other Words, ſome will 
be more, and others leſs refracted, and, conſequently, 
the ſeveral Points of the Object will be very much dilat- 
ed and confuſed, in the ſame Manner as ] ſaid before was 
occafioned by the Figure of the Glaſs; but in a much 
higher Degree Nor is this the only Misfortune 
of refracted Viſien ariſing from the Rays being d'fferent- 
ly refrangible; for each particular Sort of Rays that are 
contained in a Beam of common Light, will, at the ſame 
Time, act differently upon the optic Nerve, and produce 
different Ideas of Colour, according to its different De- 
gree of Reſrangibility; and therefore one and the fame 


Point of an Object is not only, by Refraction, multi- 


plied, as it were, into many Points; but is likewiſe di- 
verſely coloured in each of thoſe Points in the Image, 
and, conſequently, when the Image of any Object, form- 
ed by thoſe Glaſſes, are viewed by a very deep Magnifier, 
they will appear not only very indiſtinct and diſtorted, 
but variouſly coloured at the ſame Time. —Upon all 
which Accounts it is eaſy to obſerve, that we can arrive at 
greater Powers of magnifying ſmall Objects by ſingle 
Microſcopes, than by compound Ones; becauſe, in the 
ſormer, we view the Object itſelf, and in the latter its 
imperfect Image :— But as one of thoſe Cauſes of 
the Imperfection of Viſion is much leſs by reflected 
Light, and the other wholly avoided, it will, from thence, 


appear how. much preferable a Catoptric Microſcope is to a 


Dioptric One. But, that you' may be apprized more 
thoroughly of this important Subject, which is the Foun- 
dation of the Theory, or Doctrine of Colours; I muſt 
take another Opportunity of inſtructing you therein, by 
ſuch Experiments as I make no doubt will afford you a 
rery agreeable Entertainment, as well as give you a more 
accurate Inſight into the Nature of Viſion, and the Per- 
lection of optical Inſtruments; eſpecially that Part we call 
Teleſcopes, the Nature of which cannot be well under- 
ſtood without it. | 15 
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when we were Children, how often we diverted ourſelves i 
with the beautiful Colours that we obſerved in the Priſm and diff 
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| Taic 

D1AL OSTDMDE:V: the 

| der. 

Of the Corours of natural BoDits, and of the 2 

Rain-Bows, illuſtrated by Experiments of the i 4 

PR ISM, &c. bis. 

Euphroſyne, 150 

HEN we laſt converſed together, you raiſed my clud, 

y Expettation in regard to the Theory of Colours. uo 

I think, you then told me, that the different Refrangibi- leg 

lity of Rays was the Cauſe of Colours in all the various . 

Objects we view ; and that the Proof of this was eaſy for this 1 

me to underſtand, by Experiments: If this be fo, Cleont- Cle 

cus, nothing will equal the Pleaſure and Happineſs which the d: 

the preſent Hour will afford me. ; be be 

| Cleon. You will find every Thing I have ſaid, relative you þ 

t to this Subject, to be true. As the Pride, Gaiety, and admit 

| Beauty of Nature appears more in the rich Variety of Sun r 

1 Colours, than in any one Thing beſides, and ſeem as if in · have h 

\f tended in a particular Manner to pleaſure and adorn your Beam 

1 Sex; I know of nothing that can prove more a propos for Eup 

[i a Lady's Study than the beautiful Doctrine of the Colours and th 

1 of Light, and which is more eaſily attainable by Experi- Diſtant 

10 ments of the Priſm. , Cleonica 

| Eupbroſ. I have partly experienced already the Truth Cleo 

! of what you now fay.———You remember very well, 3 

755 Ut 


4 that my Father had in his Study, and how often we de- Euph 
26 lighted ourſelves with viewing the exquiſite Circles of i ſee 
4.4 coloured Light, which we always obſerved in thoſe thin Priſm . 
| Bubbles which we blowed up out of Soap-water with the dus! 
Shaft of a Tobacco- pipe. I little thought then that 9 5 P 

on. 


N 
7 | | theſe were SubjeAs of ſo curious and philoſophical a Na. , fl; 
{ ture, as I now find they are.— The wonderful Colours of Na 
e 


the celeſtial Bow, in like Manner, ſtrike every one's Eye; and to 


| but the Phænomena of Colours, beautiful as they are, afe R 
: * pa 
Windoy 


— more generally the Subject of Senſe, than of the Unatr- 
4 | landing. . - | 
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Cleon. All the World, as well as you, might have 
faid this before Sir Iſaac Newton's Time; they all admired 
the Variety of natural Tints and Colours, but never un- 
derſtood the Reaſon of it; though many of the Philoſo- 
phers attempted to diſcover the Cauſe of Colours, and 
particularly to account for the Rain-bow, no one was ſo 
happy as to ſucceed in that Enquiry, before Sir 1/aac ; 
his great Sagacity in reaſoning about natural Things, after 
he had obſerved the Effects of the Priſm, and found that 
2 Beam of Light was variouſly refracted through it, con- 
cluded, that this different Refrangibility of Rays was cer- 
tainly the Natural Cauſe of Colours, as I obſerved to you 
at our laſt Interview. | | | 

Euphraf, In what Manner did he proceed to confirm 
this Diſcovery ? 

Cleon. I will ſhew you ſome of his Experiments, in 
« the darkened Room, with the Priſm, and then you will 
be better able to judge of this Matter. For this Purpoſe, 
you have nothing to do but to cloſe the Window-ſhutters, 
admitting only a Beam of Light through the Hole, as the 
of Sun now ſhines very favourably for that Purpoſe, and I 
15 have here an Apparatus to place the Priſm properly in that 
a Beam of Light. | 


0 Euphroſ. The Windows are cloſed, as you directed, 
* and the Beam of Light darts through the Hole to a great 
5 Diſtance on the Floor. — Where is now your Priſm, 

ah Cleonicus? _— 

n Cleon, I placed it in its proper Frame on the Table, to 

Ul receive the Beam of Light, —and now you obſerve how 

10 beautifully that Beam is refracted into all its particular, 

iim and differently coloured Rays. | 
85 Euphroſ. A very fine and wonderful SpeRacle, indeed! 
I ſee the cylindric Beam of ſolar Light paſs into the 

bin Priſm From thence, I obſerve it en dilated and 

e vrioufly coloured to the other Side of the Room, in Rays 


which paint an amazing Spectrum of Colours. 
Na. Cleon. This is the coloured Image of the Sun, by Re- 
ſraction, thrown into that oblong Form: But it requires 


X 2 to be better defined ; that you may view it more diſtinctly, 
my and to give you a better Idea thereof, I ſhall make the 
. . Rays paſs through a Lens, applied to the Hole of the 


Window-ſhutter, and from thence, falling on a Look- 
O14 wg 
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ing-glaſs properly inclined on the Table, ſhall depict the 
Sun's Image on the oppoſite Side of the Wall. 

- Euphroſ. I fee it; and an accurate beautiful Circle it 
18 | | 


Clem. I ſhall now remove the Looking-glaſs, and 


| 
place the Priſm in its Stead, and you ſee the circular Spot 
no longer continues, but is now transformed, by Re- ] 
fraction, into the party=coloured Spectrum, and is now 2 
truly and nicely defined in the Focus of the Lens.——— 7 
This Spectrum is (till of the ſame Breadth with the Sun's 1 
circular Image ;—it is only dilated in Length, and is cir- t 
cular at Top and at Bottom. | | b 
Euphroſ. Thoſe Particulars evidently appear, —I have 1 
been endeavouring to count the Number of different Co- ti 
lours, and think J can count five pretty diſtinctly ;—for ſc 
all the lower Part appears of a Red, gradually declining 8 
into a Vellow, — to the Yellow ſucceeds an intenſe Green, * 
above that a bright and lovely Blue, and, on the up- 2 
per Part of all, a ſoft, but glorious Mazarine, or violet a7 
Colour. I never ſaw Colours in ſuch Perfection peg 
before. | : 1 
Clean. The Reaſon is, becauſe you never ſee them in 
ſo ſimple a State as now; for the Rays of Light are gene- . 
rally blended, more or leſs, by Refraction and Reflection R. 
from natural Bodies, and therefore produce Colours leſs Ca 
bright, leſs diſtinct and perfect, than what you now be- Sf 
hold, Sir Jaac, in his more accurate Expett- tha 
ments, could plainly diſcover ſeven different Sorts of Co- of 
lours, viz. red, orange, yellow, green, blue, indigo, and _ 
violet, and that each Colour gradually degenerated into of 
the ſucceeding. The Spaces which theſe Colours ſeve- on! 
rally occupied in the Image were nearly equal to the Inter- ( 
vals of a Monochord, when divided ſo as to ſound the ſe- the 


ven natural Notes of Muſic ;—and as there were plainly 
ſeven different Colours of Jight, ſo he reckoned ſeven 
different Degrees in the Refrangibility of Rays, _ 

Eupbreſ. But what would be the Conſequence of re- 
ceiving any Part of this coloured Light by another Priſm! 
Should we not obſerve that Light to be again differently 
refrated, and producing a new, and different Order 
of Colours, from what we now fee by the firſt Relig 
tion; | 
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Clem. One might imagine that it would be fo, but | | 
we find the contrary by Experiment ;—for by a Lens of in 
a ſhorter Focus, together with a Priſm, I will ſhew you | [FRA 
the coloured Image, on a Screen, placed in the Middle 14 
| of the Room, ſufhciently large to receive the Whole; and 
in the Screen there is a round Hole, through which the 
N Rays of any Colour may paſs, by removing the Screen up | 
7 | and down upon the Stand. — Thus, for Inſtance, I 1188 
- place the Hole againſt the blue- coloured Part of the + 
$ Image, fo that none but the blue Rays go through it, —and be | | 
. then you obſerve, on the oppoſite Side of the Room, thoſe Tin: | 
| blue Rays, after they paſs the Priſm, make only a blue | 
0 Image, — that they are refracted, is true, from the Direc- | 
- tion of the incident Rays; but they are not dilated, or 1 108! 
r ſeparated into different Sorts, as by the firſt Priſm the com- Wn | 
g mon Beam of Light was:—The fame will be the Caſe > = 
* when | move the Hole of the Screen to the yellow Rays ;— 
9 | for now, you ſee thoſe Rays, falling on the ſecond Priſm, 
et are refracted to the Side of the Room, and there make a | 1 
n yellow Spot only, of nearly a circular Form. | HRS 
= And this I might ſhew of all the reſt. | : 180 
in Euphroſ. Theſe Experiments ſeem to be curious, and 1 
e exquiſitely deciſive: I plainly learn from hence, that the 1 5 
on | 


Rays of the Sun's Light are' the Grounds, or natural 
Cauſe of Colours, and that they are very differently 
Yer refrangible . But how comes it to paſs, Cleonicus, 
[le that we ſee Bodies variouſly coloured in Confequence {1 
of this? By looking in a Priſm, we ſee all Bodies va- 1 
riouſly coloured; but in Glaſſes, or tranſparent Bodies 


AIRS. I — 


—— = T4 2 
— — — — 
Eta * +I "> 


no of other Forms, we ſee them in their own proper Colours 1 
Vee only. : : _ | 
ery Cleon, The Reaſon of this is founded in a Phyſico-ma- 4 11 
ſe⸗ thematical Theory of Refraction, “ reſulting from the two Wl 
wh | 8 | Sides 1 1 
ven 93 ho Le Lea — — | lil 4 
Which ſee in our Inſtitutions of Dioptrics. And, |} | By 2 
ſe: for farther Illuſtration of this Subject, we have added a Cop. | 4 4 
ſm per-plate Print (viz Plate XLV) in which the Experiments | 1 F 
ntly above mentioned are ſeverally repreſented, by Beams of Light Ae 
det entering the dark Room thro? optic Glaſſes, and refracted e 
[rac thro? Priſms, in the Manner as there deſcribed ; ſo that, we Wil 
apprehend, nothing farther is neceſſary for Explanation, but | $1878 
bare InſpeQion. l 
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Sides of a Priſm being inclined to each other; but in any 
other tranſparent Body, whaſe Sides are parallel, or near- 

ſo, whatever Alteration was made by Refraction at the 

ſt Surface, is reverſed by the ſecond, and conſequently, 
the refracted Rays are in the ſame State with the incident 
ones, and, therefore, make no Alteration in the Appear- 
ance of Bodies in any reſpect. But here we muſt ex- 
cept the Figure of a Globe; for the two oppoſite Sides of 
3 a Globe muſt be confidered, not as parallel, but inclined, 
. and therefore will produce a Refraction of Rays in the 
18h very fame Manner with the Priſm. If Rays of Light 
| fall on the Surface of a Glaſs Sphere filled with Water, 


they will be refracted to the other Side, and there ſhew a 
| coloured Spot of refracted Light; from this Part the 
= Rays will be reffected to another Part of the lower Sur- 
face, and there be refracted a ſecond Time into the Air, 

49 and dilated into all the different coloured Rays; fo that if 
„ a Perfon's Eye was placed under ſuch a Globe, to receive 
ö | the Rays after a ſecond Refraction, he would obſerve all 
11 the different Colours appear in that Globe. . 
Euphroſ. I ſhould be glad, methink, if not too 
much Trouble, Cleonicus, to ſee this illuſtrated by Ex- 
periment z for bare Defcription conveys not ſo clear an 


4 

| l  Cleon. I was fully aware of that, and therefore have 
1 provided, for you, a Globe filled with: Water, and 
IF which 1 ſhall ſoſpend in a Sun-beam, at ſuch a Height 
wo | | that you may eaſily obſerve the Phænomenon that I men- 
15 tion. — See, there it hangs; — and receiving the Light on 


the upper Part, refracts it from the lower into all its dif- 
ferent coloured Rays, and thereby making a Circle oſ co- 
W loured Light on the Floor, very much reſembling the 
5 , 13 1 fe5s 

i Eupbroſ. There are, indeed, all the Colours of the 
| Bow; and a glorious Phænomenon it is. | | 


UT ; 

1 

ö | 1 . Cleon. It will now be ny for you to obſerve, that if 
F | you place yourſelf in ſuch a Manner, reſpeQting the Globe, 


WE | that the Rays of Light of different Colours may ſucceſ- 
i | _  ffvely fall upon the Eye, then thoſe different Colours will 
all appear in the Globe, which before made the variegated 


Arch upon the Floor, 
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Euphroſ. I will place myſelf as you ditect And 
now, as I move my Eye, I ſee the ſeveral Colours ſuc- 
ceed each other in the ſame Part of the Globe, agreeably 
to what you have ſaid. —— —I ſuppoſe it is from hence 
that you are able to explain the ſeveral Colours of the 
Rain-bow. 2 : | : | 

Clean. By this Experiment you underſtand the Reaſon 
of that Part of the Iris, or Bow, which contains the 
Circle of ſtrongeſt Colours, and which we emphatically 
call the Rain-bow ; for if this Globe of Water was placed 
aloft in the Heavens, it is very evident that the Sun» 
beams would be there refracted thro! it, as they are here; 
and then, ſuppoſe your Back was turned to the Sun, as it 
now is, then your Eye, remaining fixed, would perceive 
only one Colour, ſuppoſe that to be the firſt or red co- 
loured Ray ;--— then, ſince the Orange is refrafted 
a little above the Eye, if the Globe was to deſcend 
through a little Space it would cauſe that orange Ray to 
fall upon the Eye; by deſcending a little lower, the 
yellow Ray comes upon the Eye; and ſuppoſing the 
Globe to continue deſcending, the Green, and Blue, the 
Indico, and Violet, will ſucceſſively paſs over the Eye, 
and conſequently you will obſerve, in the different Parts 
of the Heavens through which the Globe deſcends, the 
different Colours of its ſeveral refracted Rays reſpective- 
ly: and therefore, ſince in a Cloud, on which the 
Sun can ſhine, the Globules of Water will each of them 
refract the Light in the fame Manner this larger Globe 
does, and conſequently ſome of thoſe Globules will be 
in that Poſition that will cauſe the red Rays to fall upon 
the Eye, others, next to them below, will ſend forth 
orange coloured Rays to the Eye; the Drops next 
to them will caſt a yellow Ray to the Eye, and thoſe 
ſucceſſively in order below them will refract the blue, in- 
dico, and violet coloured Rays to the Eye; and 
thus, in a certain Space in the Cloud, all the Colours will 
appear: and ſince, under the fame Angle, the 
ſame Phznomena will be produced, therefore a Circle of 
this various coloured Light muſt neceſſarily be produced 
in the Cloud, _ | 
. Euphroſ. I think, I pretty clearly apprehend you, for 
the Rationale of the brighteſt Bow ; but there is one which 
: | we 
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wiſh, that inſtead of ſo fine a Day, it had happened to off, 
| | | have Sho 
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[| | we commonly call the Water-Gall, which is a fainter h 
| | | Circle of Colours in a ſuperior Situation to the other. — ſ 
11 Can you give me any Idea, Cleonicus, how this comes to i 
_ paſs? ; e 9 it 
81] Cleon. I will endeavour at it, my Euphroſyne.— In p 
1 order to this, you muſt underſtand, that the Rays of the C 
i 1 Sun in this Caſe fall upon the Globe in the lower Part, 
1 from whence they are refracted to a Part behind in the © 
4M lower Hemiſphere; from thence, after two Reflec- Ir 
| it tions, they are thrown to the fore Part of the Globe, at w 
FBI ſome Diſtance above the incident Rays ;<E—laſtly, from 7 
| ' | this Part they are refracted out of the Globe in all their to 
Fi different coloured Species to the Eye: and this I H 
i 4 ſhall ſhew you by Experiment; for now I will direct the to 
3 Beam to the lower Part of the Globe ;- then you of 
1 ſee plainly the coloured Spot behind, to which it is re- ta 
FF fracted, then caſting your Eye on the upper Part you ſee pr 
it the Point to which the Beam is reflected ; —from th, 
; whenee it is a ſecond 'Time reflected to the fore Part of co 
't the Globe ;- and from thence, you ſee it a ſecond as. 
it Time refracted out of the Globe into the Air, and the | 
44 Beam thereby diſſipated into all its different coloured ter 
1141 Rays: And now you plainly ſee, by the Colours on the mi 
15 Floor, as well as from the Reaſon of the Thing, that the ( 
1 ſeyeral Rays in the Beam lie in a different Order from the 
1 what they did when refracted from the Globe before; of 
1 for there the upper Part was violet and the under Part me 
1 red; whereas, in the preſent Caſe you obſerve the red be 
1 Rays are the upper Part of the Beam, and thoſe of the tot 
14 violet Colour in the loweſt Part. — Therefore, the pla 
i364 two Bows in the Heavens muſt neceſſarily appear with Poi1 
10 their Colours inverted ; ———and, laſtly, you will un- T1OL 
6 derſtand, that as in the preſent Caſe there are two Reflec- play 
1 tions of Light in the Drop, and in the former Caſe but / 
#Þ one RefleQion, and that a conſiderable Quantity of Light dee 
1 is loſt at each Reflection, therefore the refracted Beam — 
yl will have leſs Light, and the Colours, of courſe, will be Col, 
i more. dilute and faint, which you always obſerve to be the the 
14 Caſe of the ſuperior Bow. in a 
4/4 Euphroſ. I can partly ſee, from all that you have ſaid, all, 
3T.H the general Reaſon of both the Bows ;—and I could almoſt ſo n. 
ll 
| 
{1 


c E., 
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have been a ſtormy, or a rainy one, that I might have 


ſeen the Bows juſt now in the Heavens, while the Thing 
is freſh in my Mind. ——— This Lecture is moſt proper 


in the Spring Seaſon, when April Showers ſo frequently 
preſent us with this Experiment, at large, in the fable 


Clouds. 


Cleen. You till have your Wiſh, my Euphroſyne, in 
every Sun-ſhiny Day.———For here you ſee a beautiful 


Inſtrument, which is called an artificial FOUNTAIN, 


with a various Apparatus for making different Kinds of 


Jet d Eaus; amongſt which, one is particularly deſigned 


to throw up many fine Streams of Water to a great 
Height, which, as they ſpread very wide, mix and blend 
together in their upper Part, and form a beautiful Shower 


of artificial Rain; and, therefore, when I ſet this Foun- 
tain in the Sun, and let it play, if you put yourſelf in a 
proper Poſition, you will ſee, in the deſcending Drops of 


the Shower, the ſame Appearance of reftacted Light, and, 


conſequently, the two Bows formed in the ſame Manner 
as in a natural Shower. 1 e 
Euphroſ. Such an Experiment will give me great En- 


tertainment z but you muſt tell me in what Situation 1 


muſt put myſelf, in order to view it. 


Cleon. This you will know by only conſidering, that 


the Rays go into, and come out of the Drop on that Part 


of it which is next the Sun; and therefore, that the im- 
merging Rays may fall upon your Eye, your Face muſt 
be directed to the Shower, and, conſequently, your Back 
to the Sun.—— Therefore, when you fee the Fountain 
playing, you move one Way or other, till your Shadow 
points directly to it, and then you will obſerve the cu- 
rious Appearance of the Bows, —— See, now the Fountain 


plays. 


deed. 


in an inverted Order. But what ſurprizes me moſt of 
all, Cleonicus, is that when 1 know this artificial Shower is 


ſo near me, the Bows appear, notwithſtanding that, as far 


off, and as large as thoſe that we really ſee in the natural 


Showers of Rain. 


\ 


Euphroſ. It makes a natural, and large Shower, in- 
My Shadow directs me to the proper Poſition + - 
——And now I truly ſee all that I could wiſh for——The 
Colours of the Rainbow, very ſtrong and vivid—thoſe of 
the Water-gall, languid and faint—'The Colours of each 
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Clean. The Reaſon of this is, -becauſe the Sky is the 
apparent Place of all Things that we obſerve in the Air; 
there the Moon appears as well as the Stars, and there 
the Halo appears about the Moon, though formed in the 
thick Fog of the Atmoſphere, near the Eye. By the 


Laws of Optics theſe Things muſt be fo; and you ſee tie 


two Bows, that are not above 30 Feet from yu, and, in 


"themſelves, very ſmall, extend to vaſt Dimenſions, and 


Diſtance in the Heavens. 


Euphroſ. I don't know that I ever ſaw an Experiment | 


which afforded me greater Pleaſure, and, in its own Na- 
ture, fo curious and ſublime. - —— What a wonderful 


Scenery of Nature is here diſplayed ! 'Surely the Doctrine 
of Colours is highly worthy of every Perſon's/Contems - 


plation. - Fe: 


Clean. And yet, when we conſider chat though thoſe”: 


various Beauties of Nature are the common Obi of 


Vifion, bow few-there are that underſtand the Reaſon-of 
them, and how much fewer ſtil] are any Ways anxious 
about it; it muſt appear a wonderful Thing to every , 
tional Man. Not only the Ladies, but Gentlemen love 
to ſee themſelves rendered conſpicuous by Garments and 


Habits of different Colours and Dyes; but if thoſe 


Colours are deemed ſo great an Ornament to the Perſon, 
how much more will the Knowledge of the natural 


Cauſes of them adorn and become the reaſonable Mind. 
Alk this be negleQed, the Heachet has a much better 
Claim to Pride, from the Decorations of Nature, than 
any of the human Species, whoſe Colours are, at beit; 
but mixt and imperfect, when compared with the genuine 
and ſimple Colours, intenſely heightened in the Plumage 
of: that ſtately Bird... N 


Euphreſ. I muſt co ſs, though 1 have no Averſion 
to moderate Gaiety ard Dreſs, yet the Rationale of the 


Colouts I wear give me a Satisfaction and Pleaſure of a 


much higher Kind; for now, I not only put on a red, a 


yellow, or blue Ribbon, but they give me Occaſion, at the 
ſame Time, to reflect on che Reaſon why they are ſuch, 
and thereby double my Pleaſure in the Uſe of them. 


For I obſerved, while you were ſhewing-me the Experi- 


ments of the Priſm in the, dark Room, that whatever 
Object was placed in the refrafted Beam of coloured 
1 5 5 cp ENT Light, 
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Light, appeared conſtantly of the Colour of thoſe Rays 


that fell upon it, 'becauſe thoſe Rays were alone reffected 
to the Eye; and, therefore, in regard to any Colours in 
Objects by Reflection or Refraction, I am taught, by 


theſe Experiments, to underſtand, that they proceed only 


from ſuch or ſuch particular Sort of Rays, as are reflected 
or refracted to the Eye. 28 
Cleon. You apprehend this Affair very happily; the 
Thing you mention comprehends near the whole Rationale 
of the Doctrine of Colours — When Objects reflect or 
refract the Rays ſingly, they muſt neceſſarily appear of 
the Colour proper to thoſe Rays; but ſome Sorts 
of Matter will reflect one Sort of Rays and refract 
another; and therefore appear of one Colour by Reflec- 
tion, and another by Refraction; thus, for Inſtance, 
Leaf- gold reflects the yellow-making Rays, and there- 
fore YELLOW is its common Colour, but it tranſmits the 
green and the blue Rays, and therefore appears of an 
azure Colour, by refracted Light. such Bodies as 
throw up all the Rays promiſcuouſly muſt appear white, 
which is the natural Colour of the Sun's Light, where 
all the different coloured Rays are uniformly blended to- 
gether !— On the other Hand, ſuch Bodies as im- 
bibe all the Light, and reflect little or none, appear of a 
dark, or black Colour, if I may ſo ſpeak, for in Strict- 
neſs of Speech, Blackneſs: is the Abſence of all Colour, 
rather than a Colour itſelf ;—— Laſtly, as two or 
more different coloured Rays are reflected and refracted 
from Bodies they will exhibit a compound or motley Co- 
Jour, and thus all Variety of Colours in Bodies may be 
readily accounted for by the different Refrangibility and 
Reflexibility of Light. But I muſt recommend to 
your Peruſal ſome eaſy Treatiſe-on this Subject, which 
will farther enlarge your Ideas and Notion of the Doc- 
trine of Light and Colours; the principal of which is Sir 
Inac Newton's T reatiſe of Orrics.“ | 


i - 
1 * ; ts. es a. ie . ”y hats * — 
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* The Reader may alſo pleaſe to peruſe our Inflitutions of 


DropTrICs, eſpecially the popular Part; alſo Chap. VII. on 


the Subject of priſmatic Colours, p. 140.— And farther, for 
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Euphroſ. Well; I have pretty well tired you for this 
Time; I ſhall peruſe that great Author's Book, and fhall 
not be a little proud if there be any Thing in bis Writings 


that I can pretend to underſtand, —Pray, Cleonicus, what 
is to be the Subject of our next philoſophical Conference? 


Clean. By the preſent Experiments and Diſcourſe, I 
have endeavoured to prepare you for underſtanding the 
Doctrine and Rationale of "Teleſcopes, the different 
Forms, Conſtruction, and Uſes of which I ſha} diſcourſe 
of to you as Opportunity will permit, and which, I 
make no Doubt, will prove Subjects of agrecable Enter- 
tainment. | 


mn ct. __ 


— == 


DIALOGUE VI. 


On the Original of TELESCOPES ; and their general 
Nature, Kinps, and UsEs explained. 


5 Eupbroſyne. 
W E LL, Cleonicus, here is an illuſtrious Appearance 


of various Kinds of Inſtruments, moſt certainly; 

pray, are they all of that Kind you call Teleſcopes ? 
Cileon. They are, my Euphroſyne, but of different Sorts 

and Forms. | 

Euphroſ. Pray, what is properly imported by the 
Word Teleſcope? for I obſerve it is a general Name for 

Inſtruments of many different Sorts. | 
Chon. The Word Teleſcope is of Greet Original, and 
fignifies an Inſtrument intended to perfed? the Sight, that 
is to ſay, to improve and perfect the Sight of any 9 
os | | whic 


— 


Illuſtration of the foregoing Doctrine of the Rain-bow, we 
have added a Copper- plate (Numb. XLVI ) to render viſible 
to the Eye the Manner in which the Beam of Light enters the 

Drop, is reflected in it, and refracted from it, in the Two 
Experiments for ſhewing the Colours of each Bow, reſpec- 
tively ; and which, we ſuppoſe, can need no other Ezplana- 
tion than hare Inſpection. | 
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hich the Eye alone is not fitted to diſcern ; theſe I have 
obſerved to be ſuch. as are exceeding ſmall, and others 
which are very remote ; for the Limits of natural Viſion, 


are, on one Hand, the Diſtance of about ſix or ſeven. 


Inches from the Eye; and, on the other, an Angle of 
about one Minute of a Degree; unleſs diſtant Objects 
are ſeen under an Angle greater than that, they cannot be 
diſtinctly viewed by the Eye; and though the Word Tele- 
ſcope is general, and comprehends all Glaſſes that tend to 
improve Fifion, yet Cuſtom has reſtrained it to mean that 
particular Sort only, which relates to diſtant Objects; ſo 
that, by a TELESCOPE is uſually ſignified an Inſtrument 
that perfects the View of diſtant Objects. 
_ Euphreſ, Is the Invention of Teleſcopes of ancient or 
modern Date? | 

Cleon. It is certain that it is not of very ancient Date; 
the famous Roger Bacon, before the Year 1300, was the 
firſt that we find making any particular Mention” of In- 
ſtruments for magnifying ſmall Objects, or making very 
remote Objects appear plainly to the View; and it is 
worth while for you to be. acquainted with ſome of his 
Expreſſions, to this Purpoſe, which are as follow ;——for 
thus Lenſes and Speculums may be figured, that one Object may 
be multiplied into many, —— that thoſe which are poſited at a 
great Dijtance, may be made to appear very near ;——that thaſe 
which are ſmall may be made to appear very large, and theſe 
Which are obſcure to appear very plain; — and we can make 
Stars to appear where we will —— One would think, from 
ſuch kind of Expreſſions as theſe. and other Tracts which 
he wrote upon the Subject of Viſion, that this Author 
muſt have been well acquainted with the Nature, Con- 
ſtruction, and Uſe of Teleſcopes, and all the Glaſſes 
which compoſe them. But our modern Critics in Optics 
deny him not only che Invention, but even the Know- 
ledge of any ſuch Conttruction as we at preſent call 
Teleſcopes. 8 

Eupbroſ. I cannot ſay but I ſhould at once have con- 
cluded that Reger Bacon, by his Manner of ſpeaking, bad 
been an excellent Optician; but if he was not, can you 
tell me, Cleonicus, Who was the Author of ſo uſeful an 
Inrention? | 
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Cleon. I do not wonder to find you ſo very particulat 


11 enquiring after the Inventor of ſo excellent an Inſtru- 5n 
ment. The great HuGtnivus ſays, That in his Opi. 2 
nien, the Mit and [nduftry of Man has nit produced any {eq 
Thing ſ noble, and jo worthy of bis Faculties as this Sort of tic 
Knnuledge, (viz. of the Teleſcope); inſomuch, that if any ſai 
particular Perſon had been ſo diigent and ſagacious as to in- yo 
dent this Iuſti ument from the Principles of Nature and ow 


Geometry, for ny Part, I ſhould have thought his Abilities 
were more than human; but the Caſe is ſs far from this, that 
the moſi learned Men have. nit yet been able ſufficiently to 
explain the Reaſon of the Ejfefls of this caſual Inventim.— 
This Author farther adds, that though the Invention 
of this Inſtrument was certainly caſual, yet James Martius, 
a Dutchman, is ſuppoſed to be the firit Inventor; but, 
ſaid he, to my certain Knowledge, Teleſcopes were made 
before his Time, viz. about the Year 1609, at Middleburg. 
in Zealand, either by“ Fohn Lipper jheim, or Zachary 
Fanſen; notwithſtanding this, it is certain, that Bapiiſla 
Porta, in his Book of natural Magic, ſeveral Years be- 
fore, had delivered ſome Sketches of the Art of making 
Teleſcopes ; but what he had done in that Way was 
merely accidental, and not the Effect of any Skill in 
After the Fame of the Dutch Teleſcopes 
began to ſpread abroad, it ſoon reached the Ear of the 
famous Galileo, who being a conſiderable Mathematician, 
ſet about improving the rude Forms of the firſt Inventors, 
and ſoon made them in that Perfection that he, the firſt ot 
Men, diſcovered the SATELLITES of JUP1ITER by one 
of his own making, and after that 11ime they became 
common, and ſoon made their Way into every Corner ot 
the learned World. 

241 By the Accounts you have now given, wWho- 
ever might, at firtt, caſually bit upon the Conſtruction of 
what you call Teleſcopes, yet it appears, that Galiles was 
the firſt who improved it into any of the Forms now in 

-nſe. Pray, have you any 'Feleſcopes, of the origina: 
Conſtruction, by this famous Italian? 


— * —— 


r | A * 


There are two elegant Prints of theſe two Inventors of the 
Teleſcope, from the Paintings of BERCKMAN, in which their 
Names wr Z aciuaRias JanSEN, and Hans LipPERHEY- 


peyote.) TS 
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Clon. We have one of the Form he firſt contrived, 
ind it is the moſt ſimple, as well as the moſt diſtinct ot 
all others, —— and, to this Day, is called Galileo's | ele- 

ſcope; of which 1 hall; by and by, give you a more par- 
ticular Account of its ſeveral Parts: But as this is 
ſuch an intereſting and curious Point, I cannot but think 
you will be pleated, if I give you an Account, in his 
own Words, of his Improvement of this Invention, 
which he publiſhed in his Book entitled, Nuncius Sidereus, 
in March, 17 10, as follows: —** Near ten Months 
ago it was reported, that a certain Dutchman had made a 
Perſpective, through which many diſtant Objects appeared 
diſtinct as if they were near; ſeveral Experiments were 
reported af this wonderful Effect, which ſome believed, 
and others denied; but having had it confirmed to me a 
few Days after, by a Letter from the noble James Ba- 
dovere, at Paris, ] applied myſelf to conſider the Reaſon 
of it, and by what Means I might contrive a like Inſtru- 
ment, which I attained to, ſoon after, by the Doctrine 
of Refractions: and, firſt, I prepared a leaden Tube, in 
whoſe Extremities I fitted two Spectacle-glaſſes, both of 
them plain on one Side, and on the other Side one of 
them ſpherically. convex, and the other concave. Then, 

applying my Eye to the concave, I ſaw Objects appear 

pretty large, and pretty near me; they appeared three 

Times nearer, and nine Times larger, in Surface, than 

tothe naked Eye: And foon aſter, I made another which 

repreſented Objects above fixty Times larger; and, at 

laſt, having ſpared no Labour nor Expence, I made an 

Inſtrument ſo excellent as to ſhew Things almoſt a thou- 

land Times larger, and above thirty Times nearer, than 

to the naked Eye.“ And in another Part of has 

Writings he tells us, that——* He was at Venice when 

he heard of the Effects of Prince Maurice's Inſtrument, 

but nothing of its Conſtruction ; that the firſt Night afs - 
ter he returned to Padua he folved the Problem, and 

made his Inſtrument the next Day; and, ſoon after, pre- 

lented it to the Doge at Venice, who, to do him Honour 

tor his grand Invention, gave him the ducal Letters, 

winch ſettled him, for Life, in his Lectureſſip at Padua, 

and doubled his Salary, which then became trehle of 

vhat any of his EY had enjoyedbeſore.“ 

=p 
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Euphroſ. I do not wonder to find that this celebrated 
Man met with ſuch Honours and Preferments, from that 
great Patron of Learning, for his perfecting and reduc- 
ing to Practice ſo excellent a Diſcovery ﬀS——But I 
Fong ta be informed of the Nature and Structure of his 
Teleſcope. | 

Cle:n. It will be neceſſary to begin with that; ſince, 
as I informed you before, it is the moſt ſimple Structure 


of this Kind of Inftraments——— But, that you may 


de apprized of the Rationale of a Teleſcope in general, 
ſt mult be conſidered, that/ the Deſign of ſuch an Inſtru- 
ment is to enlarge the optic Angle, under which diſtant 
Objects appear; ſo that by that Means they might be ren- 
dered more perſectly viſible, or diſtinct to the Eye.— 
This is done by forming the Image of a diſtant Object 
in the Focus of an optic Glafs, and then by viewing 
that Image by another ſingle Glaſs, or Lens, of a ſhort 
focal Diſtance. | 
Euproſ You will be a little more particular in explain- 
ing this Matter, before I can readily apprehend you. 
Clan I intend ſo to be; for neither you, nor any one 
ean be ſuppoſed to underſtand the Effect of a Teleſcope 
in a Word or two: ——— Therefore, you will recollect 
khat in the Focus of any convex Lens (from the Expe- 
riments I formerly ſhewed you) the Image of every Ob- 
ſect is formed-—and that that Image ſubtends the ſame 
Angle at the Center of the Glaſs, as the Object itſelf 
does; that is to ſay, in other Words, the Object and its 
Image are both ſeen under the fame, or equal Angles, by 
the Eye placed at the Center of the Glaſs.—In the next 
Place, you are to obſerve, that as the Image of an Object 
5s in every reſpect an exact Picture, or Repreſentative ot 
that Object, it will follow, that the fame idea is formed 
in the Mind, of the Nature, Form, Magnitude, Colour, 
Se of the Object, whether the Eye at the Center of the 
Glaſs views the Object itſelf, or the Image thereof in its 
Focus Farther, you will remember, that any Ob- 
ject, placed in the Focus of a Glaſs, wilt appear ver) 
diftinatly through it, as the Rays proceeding from the 
Objeck to-the Glaſs are, by. Refraction through it, ren 
der ed parallel to the Eye, which is a neceſſary Condition 
for diſtinck Viſton.— Therefore, if an optic Lens - 
vir gion . l the 


9 


to do th 
Pleaſure 


and plac 


AND LADY's PHILOSOPHY. 2r3 


the conyex Form, and of a ſhort focal Diſtance, he ap- 
plied to view the Image before mentioned, you will eafily 
underſtand, that then that Image will appear diſtinctly; 
and, conſequently, the Object itſelf will be thereby 
ſhewn diſtinck in all its Parts; and ſo much the more fo, 
as the Differences between the focal Diſtance of the two 
Lenſes is greater, within a /mted Degree. ——— And 
therefore, laſtly, as the ſame Image is nearer to one Lens 
than the other, it will of Courſe fubtend a larger An_le 
at the neareſt Lens, and therefore will, through it, be 
ſeen larger than through the other; and conſequently the 
Image, and, of Courſe, the Object will be thereby 
magniſied in Proportion. Therefore the common Rule 
for eſtimating the magnifying Power of Telefcopes con- 
ſtructed with two Lenies, is the Ratio of their focal Diſtances 
reſpettrvely. © = 

Euphreſ. I hare a better Notion than I had of the Uſe 
and magnifying Power of a Teleſcope; but am perſuade 
ed, if you could exempliſy what you have ſaid by an Ex- 
periment, it would ſtill render the Nature of that Inſtru- 
ment more eaſy to be conceived. 

Cleon. That | can eafily do, in the following Manner; 
Here is a Teleſcope with two Lenſes ; that which is 
in the great End is called the Object! Lens, as being next 
the Object when we view it; the other is called the  Eye- 
zlaſs, as being within a ſmall Diſtance of the End to which 
the Eye is applied in uſing the Teleſcope : — ——#* The 
Object Lens | take out of the *Teleſcope, and fix it in a 
Scioptric Bail and Socket, placed firmly over a Role in the 
Window-ſhut, made for that Purpoſe, and then putting 
the Window-ſhutters together, the Room is made dark, 


—— — 


* The Experiment of the SciorrRIO BAU an Glaſſes in 
the Came: g Obfcura, is one of the molt delightful in Optics, 
and thoſe who have ſeen it, will readily underfiand all that is 
here ſaid concerning the Nature and Effects of a Teleſcope; 
They who have not ſeen it, have it in their Power to purchaſe 
the Inſtrument at a ſmall Price, and to try the Experiments 
without any Trouble; but they who have not Curioſity enough 
to do this, are deſervedly excluded from participating in thoſe 
Pleaſures, which are the moſt exquiſite that Nature affords, 
2nd place us at the greateſt Diſtance from the Brute Creation, 
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and you ſee nothing but what comes through the Glas 


by Rays of Light from without — A large, moveable 
Paper-ſcreen, upon a Stand, is provided, and which ! 


now place at the focal Diſtance of the Glaſs from the 


Window, which is in this Glaſs but 3 Feet: Upon 
this Screen, you obſerve, there is inſtantly formed a beau- 
tiful Landſchape of all the diſtant Scenes of natural Objects 


without. : | | 
 Eupbroſ, Indeed. I do; and a finer Picture was fure]y 
never ſeen. —— — What wondrous Painting is this | —— 


I ſee the diſtant Fields and Meadows, with the meandrous 
Windings of the Piver | —— —1 view every Thing in 
Motion, the People walking, the Cattle grazing, and 
the Ships ſailing in the River.—— —— The Objects all 
tichly variegated with their natural Hints and Colours, 


———the Buildings all in Perſpective, with a natural 


Relieve by Light and Shade ! I do not know that [ 
was ever ſo deiighted with a View of Nature at large, 5 
Jam with this Picture of it in Miniature, ———and, 
upon the Whole, I cannot but obſerve how infinitely the 
eauteous Paintings from Nature's Pencil exceed the Imi- 
tations of thoſe who copy her; and when I hear of the in- 
credible Sums of Money that have been given for ſuch 
inferior Performances, and at how ſmall a Price thoſe 
Glaſſes are purchaſed which preſent us with the inimitable 
Original, I am quite at a Loſs to conjecture at the unac- 
countable Fate of I hings. | 
Cleon. Moſt Things of this Nature you will always find 
very difficult to account for; and in all Subjects of this 
Nature which depend on the Fancy, Humour, or Caprice 
of Mankind, you will generally obſerve a very great Dil 
proportion betwixt the real Worth, or intrinſic Value of 
the Thing, and the Price that, is paid for it. But to re- 
turn to the Subject; Lou obſerve, in one Part of the 
Screen there is a round Hole, of about Half an Inch 
in Diameter, upon which any Part of the Picture may 
be thrown at Pleaſure :=——On the other Side of the 
Screen is made to ſlide over the Hole, a ſmall Cell or 
Tube of Wood, containing a convex Lens whoſe focal 
Diſtance is one Inch and a Half, that alſo is the Diſtance 
bf the Glaſs from the Hole; the Diftance of the faid 
Glaſs from the other End of the Tube is E22. 1 
rtr + x, * 8 k : 4 . * nch; 
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Inch, to which End, if the Eye be applied. it will, by 
Means of that Glaſs, view thoſe Parts of the Picture 
which fall upon the Hole in the Screen, and perceive 
them very diſtinctly; and, in viewing theſe, you view the 
Objects, of Courſe, to which they belong. You 
may, by placing yeurſelf behind the Screen, try the Ex- 
petiment immediately. | ES 
Euphroſ. | ſee perfectly well the Thing you mention, 
Il ſee the Man walking by the River-ſide: —1 
can eaſily diſtinguiſh the Colour of his Cloaths, his va- 
rious Motions, and, what is very ſurpriſing, he feems 


| extremely near, and walks with his Heels upwarcs.—— 
The ſame I obſerve of other Objects, when I move the 
| | Screen to bring them upon the Hole, as you have directed 
; me. OI. | 
| Cleon. Your ſeeing the Object inverted, or upſide- 
1 down, is a neceflary Conſequence of your viewing it in 
5 its Picture; for the whole Landſcape is in an inverted 
; Poſition, as you ſee; and therefore every Part, when 
e viewed by the Glaſs, mult appear in the Poſition it really 
* has, viz. upſide down. 
N Eupbroſ. This I plainly perceive muſt be the Caſe 
h and I farther ſuppoſe, that the Reaſon why it appears fo 
e very near is, alſo, becauſe its Image, by whieh I view it, 
e is ſo very near to the Glaſs. . 
. eon. [ hat is the true Reaſon which you have aſſign- 
ed; and the Image, at that Diſtance from the Glaſs, ſub. 
d tending a much larger Angle, occaſions your ſeeing every 
is Part much more diſtinctly, than it couid appear if viewed 
ce by the Eye at the Diſtance of the Glaſs in the Window ; 
il. that is to ſay, it will appear as much larger, and more 
of diſtinct in the former Cafe, than in the latter, as the 
e- Glaſs is there in Proportion nearer; for Inſtance, the 
he Diſtance of the Eye-glaſs is but one Inch and a Half 
ch from the Image, but the Diſtance of the Object-glaſs in 
a the Window-ſhut is 36 Inches. Theſe two Diſtances 
he are to each other as 1 to 24, and therefore the Image 
or appears under an Angle 24 Times as large when viewed 
cal through the Eye-glaſs, as it does when viewed at the 
ce Diſtance of the ObjeC-glaſs; and therefore it appears 
aid very plainly, from hence, that the Object will be ſeen 
an under an Angle, when viewed in its Image, 24 Times 
Ch, | P 4 - larger 
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larger than it appears to the naked Eye, or juſt fo large as 
it would appear at one 24th Pait of the Diſtance that it is 
from the Window. | nba 
_ Euphroſs Then if I underſtand you rightly, an Object 
at the Diſtance of 24 Kods, Furlongs, or Miles, will 
appear as plain in its Image, by Means of theſe two 
Glaſſes, as it would do to the naked Eye at the Diſtance 
of one Rod, Furiong, or Mile. 
Clean. That is the very Caſe: And from hence you will 
infer, that the Object is not improperly faid to be mag- 
nified 24 1 imes. —— Now, from all that we have 
here done in this darkened Room, the Reafon will appear, 
why thoſe Glaſſes are put together at each End of a long 
Tube to render them uſeful in the Form of a T<elefcepe, 


21. becauſe the Space in which the Image of Objects 


are formed ought to be-quite dark, or rather to have no 
other Light than that which enters the Glaſs and forms 
the Image of the Obje&t.——— This will appear by an 
Experiment; for if | open the other Shutters (letting 
that only remain ſhut which holds the Glaſs) then, becauſe 
the broad Day-light falls on the Screen, the Images of the 
Landſcape, which before were viewed ſtrong and diſtinct, 
are now, by this Profuſion of foreign Light, rendered faint, 
confuſed, and ſcarcely viſible; and when you apply your 
Eye to the Glaſs, as before, behind the Screen, you 
ſcarcely perceive the Object for the dazzling Light which 
now oveiwhelms it. Wh p | 

Euphroſ. Well, let me try this Experiment. ——1I no 
ſooner apply my £ye to the Glaſs than 1 perceive the 
Truth of what you fay : —-—T he Object is loſt, in the 
Glare of Light, fo far, that it can ſcarcely be ſaid to ap- 
pear. — ——l am hereby thoroughly convinced how ne- 
ceſſary it is to exclude, from the Place where the Images 
of Objects are formed, all Light, but that which proceeds 
from the Object itſelf, in order to ſhew it diſtinctly.—— 
But one Thing occurs which ſuggeſts the following 
Query: Pray, if the Hole in the Screen was larger, could 
I not ſee more of an Object, or more Objects than one, 
with equal Diſtinctneſs? For I think the View is very 
much confined by fo ſmall a Hole. | e | 


Cleon. Not with the fame Eye-glaſs, my £Euphroſyne; | 


for, by Reaſon and Experiments, Opticians are taught 
$: He - : T $7258 ; ; : a : SEA EY to 
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to make the Diameter of the Hole about 2 of that of the 
Eye glaſs, in order that the Image may appear diſtinct. 
This Hole is generally called the Field of View; and 
therefore if the Field be enlarged, the Diameter of the 
Eye-glaſs muſt be enlarged likewiſe, and alſo its focal Di- 
ſtance, of Courſe ; for if you enlarge the Diameter, or 
Aperture of the Glaſs itſelf. you may ſoon exceed the 
Limit for diflin& Viſion, ſince every Glaſs has a limited 
Aperture as well in Teleſcopes as in Microſcopes, as [ 
have before obſerved to you. 5 | 
Euphroſ. If this be the Caſe, what we gain by having 
a larger Field of View, we loſe in the Power of magni- 
fying ; for fince the focal Dittance of the Eye: glaſs muſt 
be larger, it will not be ſo often contained in that of the 
Objeci-glaſs, and conſequently the Object not 8 
under ſo large an Angle, will not be ſo much magnified 
as before. | f 5 
Clin. With the ſame two Glaſſes you cannot enlarge 
the Field of View, and at the ſame Time preſerve equal 
Diſtictneſs and magnifying Power: You may, indeed, 
chuſe two other Glafles whole focal Diſtances are increaſed 
in Proportion; for Inſtance, if the focal Diſtance of 
the Object-glaſs be 6 Feet, or 72 Inches, and that of the 
Eye-glaſs 3 Inches, each of them double of what we now 
uſe, in this Caſe the Aperture of the Eye-glaſs, and of 
the Hole, may alſo be enlarged to twice the Dimenſions 
but then the magnifying Power ſtil] remains the ſame, 
as alſo the Field of View ; for though the Hole be en- 
larged, yet, becauſe the Image is enlarged in the ſame 
Proportion, no more can fall upon that Hole than falls on 
this, and conſequently no more of the Object can be 
ſeen: And if the Aperture of the Object-glaſs be made 
twice as large alſo, then there will be the fame Degree of 
Light, or Brightneſs in the ObjeA.——But one Thing 
you would obſerve in that Cafe, viz. that the Object ap- 
pears more diſtinctly in all its Parts, for a very Taal . 
mage will not appear ſo diſtinctly as a large One, under 
the ſame Angle, and with the ſame Degree of Light; and 
therefore the Power of magnifying, by Means of Object- 
glaſſes of a larger focal Diſtance, may be increaſed with 
ſuſicient Degrees of Brightneſs and Diſtinctneſ of Viſion. 
Thus, for Experiment Sake, I will take that Glafs from 
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the Window-ſhnt, and place another in its Room of 
double its focal Diſtance, viz 72 Inches; then remove 
the Screen to the ſame Diſtance from the Window, where 
now you ſee the Landſcape greatly enlarged, twice as 
much in Length and Breadth, and therefore 4 Times as 
large in Surface as before; and as the Diameter of the 
Aperture of this Object-glaſs is twice as much as that of 
the former, there will be the ſame Quantity of Light in 
the Picture; ſo that each Image is now equally bright as 
before :—— Then I apply a Glaſs of 3 Inches focal Dil- 


fame Angle as before, the Hole in the Screen being now 
twice as large. — - Go, and apply your Eye to the 
Tube, my Euphroſyne, and tell me how it appears. 

Euphroſ. I will. ——By what you have ſaid, Things 
ought to appear nearly the ſame as beſore.—— But the 
Scene appears every Way more grand; and I cannot help 
thinking that the Ohjects ſeverally appear not only more 
perfect, but alſo larger at the fame Time. 

Chon. Your Obſervations are very juft, except the 
laſt ; the Objects are not in Reality magnified : This 1s a 
' Deception of the Fancy; for we always imagine that the 
more illuſtrious any Thing appears, the larger it mult be 


more perfect, I will allow; for which Reaſon I ſhall ſhew 
you, by another Experiment, that the magnifying Power 
of the Eye- glaſs may be increaſed, by changing that 
which is now one of 3 Inches focal Diſtance, and ſub- 
ſtituting another in its Stead of 2 Inches only. — I his 18 
done: Take a View as before. . | 

Euphreſ. I do; and cannot but ſay, the Objects ap- 
2 ſufficiently diſtinct, though magniſied much more than 
before: But they appear not altogether ſo lightſome, or 
bright. | 

leon. They are magnified now in Proportion as 2 to 
72, or 1 to 36; and therefore the Power of magnifying 
pow exceeds that in Proportion as 36 to 24. N 
whereas you ſeem to think the Objects are now not bright 
enough, [ muſt obſerve to you, that, there is really more 
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Optics or diſtin Viſion ; for the Aperture of the Object 
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glaſs is now twice as large as before, whereas it ought (0 
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exceed the Aperture of the former ObjeQ-glaſs, but in 
the fame Proportion as the focal Diſtance ot the preſent 
Eye glaſs exceeds that before uſed ; T hat is to ſay, in the 
Ratio of 3 to 2. Conſequently, it will appear, from all 
that has been ſaid, that though there be an Increaſe in the 
Power of magnifying in refracting Teleſcopes, yet in 
equal Degrees of Diſtinctneſs, a leſs Proportion of the 
Apertures in the ObjeR-glaſs, or of Light in the Pic- 
ture, will be neceffary ; and thus we may proceed till, at 
Length, the Degree of Brightneſs will become ſo far di- 
miniſhed as to render the 1 eleſcope but of very little Uſe 
in viewing terreſtrial Objects, whoſe Light, when they 
become magnified to a great Degree, will be found to 
little to ſhew them ſufficiently plain, with thoſe Apertures 
of Object-glaſſes which are neceſſary ſor diſtin Yihon. 
——— Having now explained at large, by theſe Experi- 
ments, the Nature of a refraQing Teleſcope, and ſhewn 
that it is nothing more than a Sort of portable Camera 
(bſcura in Miniature, I ſhall defer what l have farther to 
ſay, in Relation to the different Kinds and Conſtructions 
of this Inſtrument, | to another Opportunity. 
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"DIALOGUE VIl. 


On the various ConsTRUCTIONS of refratting 
ire; 


Euphroſyne. 


vob R laſt Leſſon on the Nature and Rationale of 
refraCting Teleſcopes, illuſtrated by Experiments of 
the Camera Obſcura, gave me no ſmall Delight, as I am 
well ſatisfied I could have, by no other Means, acquired 
lo good a Notion of this entertaining Inſtrument ;——— 
I fee you have here many different Sorts and Sizes upon 
the Table: I ſuppoſe, Cleanicus, they are the various Forms 
in which refracting Teleſcopes are now made. 
Cieon. They are fo, my Eupbruſyne; and, that you 
may have a more diſtinct Idea of them, I ſhall enumerate 


them 
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them according to the different Names they bear, reſulting 
from their different Structure and Uſes. 

I. The leaft Size of all is called an Oper a-GrLass, 
from its being principally uſed in the Opera, and Play. 
houſes. 

II. The PenspecTivE GT Ass, which is only the for- 
mer Glaſs leſs in Diameter, but of a greater Length, and 
fitted for the Pocket : This is alſo, by Opticians, called 
Golile,s Teleſcope. 

III. The A/trenomrical TeLESCOPE, fo called, as being 
chiefly appropriated to celeſtial Obſervatjons. 

IV. The common TELEsSCoPE, adapted for viewing 
Land- Objets. 

V. Sea TELEsCoP+s, conſtructed for viewing Objects 
at Sea moſt conveniently. 

There are, beſides thefe, other Conſtructions of this 
Inſtrument, which are called, Helioſcopes, Polemoſcopes, 
&c. | 
Eupbroſ. I ſuppoſe the firſt that you mentioned, and 
called an Opera-glaſs, is this very ſhort one, with a broad 
Glaſs at the End; it ſeems very fit for the Purpoſes in- 
tended, as it may be cally held in the Hand and applied 
ro the Eye. 

Cleon. Yes, my EuShreſyne, that is the firſt Sort of 
proſpeclive Glaſs, and conſiſts only of two Lenſes, one 
of which is the broad Glaſs you ſpeak of at the End, 
called the Object-glaſs, and is a Plano-convex ; the Glas 
at the other End is a Plano-concave, and is to be drawn 
out, or in, by Means of the ſliding Part, or Drawer ; by 


this Means, the two Glaſſes are adjuſted to a proper 


Diſtance for viewing Objects. 

Euphroſ. What are the particular Propetties of this 
Sort of Telefcope ? 

Cleon. Firit, the Concaye-glaſs is placed within the 
focal Diftance of the Object-glaſs, by juſt ſo much as is 
equal to its own focal Diſtance; and when they are in 
this Poſition, the Rays proceeding from the Object, will, 
by Refraction through this Inſtrument, be made to fall 
parallel upon the Eye, and thereby a diſtin&t Image will 
be formed on the optic Nerve, which is neceſſary for per- 
fect Viſion. —decondly, the Object-glaſs at the End 
has generally a very large Aperture, to give ſufficient 

Light 


AND LADY's PHILOSOPHY. 225 


Light for viewing the Object, efpecially as it is chiefly 
uſed by Candle-light : But for ſtrong Day-light, and 
viewing Objects enlightened by the Sun, the Aperture at 
the Object End ought not to be ſo large, as the Object, 
in ſuch Caſes, is liable to be very much coloured and leſs 
diſtinct. — Thirdly, the Aperture of the Concave, 
next the Eye, is, or ought to be, always ſmall, viz. but 
a little bigger than the Pupil of the Eye. —Fourthly, 
as the Eye-glaſs is placed within the Focus of the Object» 
glaſs, the Length is leſs, for the ſame Power of magni- 
tying, than in any other Teleſcope. Fifthly, as 
there are but two Glafles in this Conſtruction, and each 
of them of the beit Form, it renders Viſion in this In- 
ſtrument molt perfect; for that is always more ſo in Pro- 
portion as the Number of Glafles is leſs, becauſe, by 
Refraction at every Glaſs, ſome Irregularities are pro- 
duced which diſturb the Sight, or render the Image leſs 
erfect. 

l Euphroſ. When 1 look through this Glaſs, I can ſcarcely 
imagine it magnifies at all, 8 

Cleon. T hat is the Caſe with moſt People when they 
firſt uſe thefe Inſtruments : they often ſay as you do; nay, 
ſome of them will affirm, that they can ſee better without 
the Glaſs than with it: But theſe are all Miſtakes, or 
Deceptions of Viſion; for theſe Glaſles, all of them, 
magnify Objects 3 or 4 Times, and there is no Form of 
the Eye but what may be aſhited by its Uſe, when it is 
properly applied. Ihe Proportion of magnifying is 
here the ſme as of the two Lenſes I uſed in the dark 
Room ; for whether the Eye-glaſs be Concave, or Con- 
vex, it makes no Alteration in that Reſpect; for the 
Power of magnifying by any two Lenſes will be propor- 
tioned: to their focal Diſtances, — Thus the Object-lens, 
here uſed, is 3 Inches focal Diſtance, and the Concave, 


next the Eye, has but one Inch focal Diſtance : Therefore 
.this Opera-glaſs magniſies in Proportion as three to one, or 


three Times, « | 
Euphroſ. I muſt not pretend to contradict you; but, 
really, Objects do not appear to be ſo much magnified to 


me. Pray, Cleanicus, have you any Method by which you 


ean ſatisfy me of the Truth of this by Experiment? 
You will excuſe my being ſo troubleſome. \ 855 


viewed by the naked Eye, and, of Courſe, the whole 


_ 
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Cleon. It always gives me the greateſt Pleaſure to ſatisfy 
the ſcrupulous Curioſity of Ladies and Gentlemen in this 


Reſpect : And the Method I take to convince them 
in general is, that which I have here provided for you; 
for I foreſaw you would make this Objection.— Vou ſee 
here, a Piece of white Paper, juſt 3 Inches long, and 
the Inches defined by black Lines I ſtick it up on the 
oppolite Side of the Room, for you to view it through the 
Glaſs, and when you ſee the Paper diſtinctly in the 
Glaſs, open the other Eye and view it by that, without 
the Glaſs, and you will obferve, that one Inch of the 
Paper, ſeen through the Glaſs, will appear juſt as long 


as the whole Length of the Paper appears to the naked 


Eye. 

— Let me try this Experiment forthwith, as 
it is ſo very eaſy.——I have adjuſted the Glaſs, and can 
plainly fee the Paper through it —— Now I'll open my 
other Eye, and direct it to the Paper; and, upon my 
Word, to my.Surprize, I find the Thing you mention to 
be fat. ——1 actually fee one Inch of the Paper, through 
the Glaſs, juſt covers the whole Length of the Paper as 


Paper appears 3 Times larger with, than without the 
Glaſs, which I could not have believed if I had not tried 
the Experiment. —I am, by this Inſtance, fully ſatisfied 
how much we are liable to be miſtaken, and to form 
wrong Ideas of Things, for want of proper Methods to 


| inform the Fudgment. —As you have been fo obliging as 


to make me a Preſent of this curious Opera-glaſs, pleaſe 
to let me know if there are any Precautions to be given 
for the Uſe of it. ns | 

Cleon. It will be neceſſary to obſerve the following 
Particulars :—Firſt, in adjuſting the Glaſſes, you draw 
out the Tube to the black Circle which is drawn upon it. 


aud then it is adjuſted for Objects at a moderate Diſtance. 
— ——Secondly, but il Objects are very near, the Tube 


mult be drawn a little farther out, and, on the contrary, 
not quite ſo far as the Circle, for Objects at a great Di- 
ſtance ; but you will never be perfect iu the Uſe of this, 
or any other Teleſcope, till you can readily adjuſt it by 
moving the Tube forward and backward, while you ale 


actually viewing the Object through it, aud ſtop _ 
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Hand when you find the Object appear moſt perfect. 
Thirdly, when you have Occaſion to take the Glafſes 
out to clean them, you will remember always, when 
you put them in again, to place the Object glaſs with 
its convex Part outward, and the Eye-glaſs with the 
concave Part next the Eye, and then it will be always fit 
for Uſe. 
 Eupbroſ. I am obliged to you for theſe Inſtructions.— 
But here is the other Glaſs you called Galileo's Teleſcope, 
pray, what are the Properties of that Conſtruction, and 
how am I to proceed in its Uſe? | 

Cleon. This is in nothing materially different from the 


other, but in its Length and magmfying Power in Conſe- 


quence thereof; for as the Object glafs here has a longer 
focal Diſtance in Compariſon of that of the Eye-glaſs, it 


will, of Courſe, have a greater Power of magnifying in 


Proportion. T his, which I here preſent you with, is 
a proper Size for the Pocket, and will magnify ſufficiently 
for common Uſe. The Object-glaſs is 12 Inches Focus, 
and magnifies the Object about ten Times: But there 
will always be an Inconvenienceattending the great Length 
of an Inſtrument of this Kind, viz. the Smallneſs of the 
Field of View, which is here proportioned to the Area 
of the Pupil of the Eye; and therefore, when it magnifies 
much, the Field of View will be bur ſmall, and render it 


more difficult to find the Object, and leſs pleaſant to view 


it: Were it not for this Impediment, no Teleſcope 
would ſhew diftant Objects ſo perfectly as this, on Ac- 
count of there being but two Glaſſes in the Conſtruction.  - 
hut in Caſe the diſtant Objects be very ſmall, ſuch 
as the heavenly Bodies are in Appearance, then Galiles's 
Teleſcope is applied oftentimes to very good Purpoſe ; 
for, with that, the Sun, the Moon, and the Planets will 
be magnified very confiderably in a Length of 18 Inches, 
or two Feet, even fo far as to'ſhew Jupiter and his four 
Moons, which cannot be done with other refracting Te- 
leſcopes of leſs than twice that Length; but even in 
viewing the celeftial Bodies, if we proceed to great 


Lengths in the Galilean Teleſcope, the Difficulty of find- 


ing the Object will fruſtrate our Deſigns, and oblige us to 


bave Recourſe to the other Forms of Teleſcopes, next to 
be cohſidereds Z | 


of their focal Diſtances: 
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_ Eupbroſ. I think the firſt of them you call the rene 
ical Teleſcope, as being deſigned for viewing the heavenly 
Bodies only ? | | | 

Clean. Yes: that is the firſt and moſt fimple Conſtruc- 
tion of Teleſcopes compoſed of convex Lenſes only, of 
which there are but two or three at moſt. —But, as in 
theſe Sort of 'Telefcopes there is a real Image formed of a 
diſtant Object in the Focus of the firſt, or Object-glaſs, 
which Image is viewed. by the Eye glaſs in the Manner I 
ſhewed you in the darkened Room, it is evident, that this 
Inſtrument ſhews all Objects in an inverted Poſition, and 
therefore not fit for common. Ule, as I then obſerved to 


vou; but the heavenly Bodies being of a round, or circu- 


lar Form, the Inverſion of fuch a Figure is no Diſadvan- 
tage to the View; and ſince the Appearance of an Object 
through two Glaſſes is moſt perfect, and the Moons of 
Jupiter and Saturn require the molt perfect Conſtruction 
to ſhew them, this Teleſcope is preferable to all others on 
this Account, as the Field of View is large,-and the Ob- 
ject found with Eaſe In this Teleſcope one Object- 
laſs is ſufficient, though in ſome Reſpects two may do 
e I is alſo, generally ſpeaking, but one Eye- 
laſs uſed ; but it is certain, from the Laws of Optics, 
at two Glaſſes properly combined will ſhew the Image 
(and conſequently the Object) more perfectly than one 
alone of 7 | — 8 | | 
Euphroſ. I remember you told me the magniſying 
Power, by Means of theſe two Glaſſes, was in Propo:tion 
| But one Thing I am not 
quite ſo clear in, is, the Reaſon why the Images of Ob- 
jects are inverted in the Focus of the Object-glaſs, and 
whether: there be not any Method to prevent that diſad- 
vantageous Effect? | 955 1 
Clean. The Reaſon why the Image of an Object is 
inverted by a Glaſs you will readily perceive, when you 
conſider, that every Point of the Image is depicted by a 
Ray of Light coming ſrom the Object in a right-lined 


Direclion through the Centre of the Glaſs ; from whence 
| | | it 
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it will follow, that thoſe Rays of Light which come from 
the upper Part of an Object muſt, after paſſing through 
the Center of the Glaſs, go to the lower Part of the 
Screen, and there paint the Image of the upper Part of 


the Object. — On the other Hand, the Rays which come 


from the lower Part of the Object, after paſſing through 
the Center of the Glaſs, go to the upper Part of the 
Screen, and there form an Image of the inferior Parts of 
the Object: And, by the Laws of Refraction, all 
other Rays which proceed from the ſame Points in the 
upper, or lower Parts of the Object, to any Part of the 
Lens, will be refracted to the ſame Points of the lower, 
or upper Part of the Image, and there unite with thoſe 
Rays which paſs through the Center of the Glaſs; con- 
ſequently, the Image, by Means of the Rays croſſing 
each other in the Glaſs, muſt neceſſarily be formed in an 
inverted Poſition, and which, you remember, was uni- 
verfally the Caſe in all ſingle Lenſes you tried in the for- 
mer Experiments. . 

Euphroſ. I remember this to be fact in every Inſtance 
| tried, and, as it is a great Imperfection in the 1 eleſcope, 
wy it not be removed by applying another Oheci- 
gi; 5 5 ; 

Cleon. By no Means: Any Number of Object glaſſes 
will form an Image in the ſame Manner. as one alone: 
hut the Image will ſtill be inverted, and only leſſened 
in its Dimenſions; ſo that no Redreſs for this Evil can be 
had from thence. Vet are we not deſtitute of a Remedy, 
which is found in the Conſtruction of the common Tele- 
ſcope, and is what I next propoſe to explain, after having 
propoſed to you one Thing more, which is, the Reaton 
why the Conſtruction'of the Teleſcope under Conſider- 
ation, is alſo ſometimes called the Night Teleſcope; for 
when the Aperture of the Object-glaſs is very large, and 
the Glaſs itſelf of a ſhort focal Diſtance, as 8 or 10 Inches 
only, then the Field of View will be very large, and by 
Night, at Sea, there will be Light enough in the Atmoſ- 
phere, and by Reflection from the falt Water, to enter 
through ſo large an Aperture as will be ſufficient to ſhew 
Objects, on the Surface of the Sea, at a conſiderable 

iſtance; at leaſt, much better than they can be diſcerned 


by the naked Eye, and thereby ſuch a Teleſcope becomes 
Vo. II. 2 oY of 


of general Ufe at Sea — But when the focal Diſtance 
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of an Odject-glaſs is ſhort, and ſo large an Aperture uſed, 
it becomes neceflary to uſe two ObjeCt-glaſſes, that the 
Errors of Refraction, ariſing from the Convex Figure, 
may be in fome meaſure corrected, and Viſion thereby 


rendered more diſtinct. —And in the largeft Sort of Night 
Teleſcopes, where the Aperture is very large, no leſs 


than three Obje-glaſſes are neceſſary to form the Image, 
on that Account. ON 
Zuphroſ. Tis eaſy to obſerve in this, as in many 
other Caſes, that Neceſſity is the Mother of Invention; 
and had you not given me this Rationale of it, I ſhould 
have thought you had jeſted with me, in talking about a 
Night Teleſcope, as it is well known by Experiment, that 
every Teleſcope makes the Object appear leſs lightſome 
than it appears to the naked Eye, and therefore it ſhould 
' ſeem a Contradiction to have a Teleſcope for viewing 
opake Objects by Night. —I ſuppoſe, the Teleſcopes I here 
fo of different Sizes are all Day Teleſcopes of the com- 
mon Forms in Ule? _ | 
Cleen. They are, my Euphroſyne ; but ſome of them 
- have more Glaſſes than others, and all of them ſhew the 
Object upright, or in its natural Poſition : But the leaſt 
Number of Glaſſes, in any of them, is four. ——You 
fee, here is one at the Object End,—and in the Drawer 
next the Eye, you obſerve this Tube with three Glaſſes is 
contained. 
EEuphroſ. So that in all the four-glaſs Teleſcopes | 
- obſerve there are three Eye-glaſſes, and one Object. 
© olaſs; but, pray, why are three placed next the Eye, 
Cleonicus? e | 
Clean. That you may have a clear Idea of this Matter 
you are to confider, _ | 
(..) That the firſt Image is formed in the common 
Focus of the Object - glaſs, and the firſt of the three Lyc- 
glaſſes; and therefore, . 
(2.) The Rays which proceed from this Image to the 
- firſt Eye-glaſs, are, after Refraction through it, rendered 
parallel among themſelves; and, conſequently, if they 
fall upon a ſecond Glaſs, placed at a Diſtance behind it 
towards the Eye, they will be all converged to a Point in 
the Focus of that Glaſs, and, for this Reaſon, 
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{3.) Rays thus proceeding from every Point in the firſt 


Image will, by Refraction through the two firſt Eye-glaſſes, 
form an Image at a proper Focus which will be every 
Way ſimilar to the firſt Image. 


(4. The two firſt Eye glaſſes being placed at double 


their focal Diſtances from each other, will then have the 
moſt proper Poſition for producing the Effect; becauſe 
then the Rays that proceed from contrary Sides, in the firſt 
Image, through the firſt Eye-glaſs, will be ſo refracted as 
to croſs each other in its Focus, and conſequently fall upon 
the ſecond Eye-glaſs in a manner juſt contrary to that in 
which they proceed from the firſt; and therefore the 
Image formed by Refraction through the ſecond, or mid- 
dle Glaſs, will be in a contrary Poſition to the firſt Image, 
and therefore in the ſame Poſition with the Object itſelf, 
Hence, 

(5.) An Image of the Object being now formed up- 
right, that Image is ſo viewed by the third Eye-glaſs, or 
that next the Eye, which, for that Reaſon, mult be placed 
at its focal Diſtance from it, that the Rays may proceed 


4 


(6.) The three Eyeglaſſes are all of them of one and 


the ſame focal Diſtance, and therefore the Diſtance be- 


tween each of them will be the ſame, as you ſee they are 
placed in this Tube. 

(7.) Upon this Account it is evident, that the ſecond 
Image is viewed under the ſame Angle by the third Eye- 
plaſs as the firſt Image appears under when viewed by the 
lirſt Eye-glaſs; and therefore the Power of magnifying is 
the ſame with three Eye=glafſes as it was with one in the 
aſtronomical Teleſcope. þ 

(8.) In the Place where the ſecond Image is formed is 
2 Diaphragm, or round Hole in a Piece of Wood, or 
Brafs, of a Size ſomewhat leſs than the Area of the Eye- 
glaſſes, in order to ſhut out all the extraneous Rays, or to 
new that Part of the Image only which is ſufficiently per- 
i for View. _ | EY 

(9:) And where great Nicety is required, there is alſo 
a Diaphragm' with a ſmall Hole, of a proper Size, to be 
placed in the common Focus between the firſt and ſecond 
Eye-glaſſes; and if the firſt Image were circumſcribed 


by a proper Aperture in another Diaphragm, it would 
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tend to render Viſion thiough a Teleſcope ſtill more per- 
feCt. 1 6 pas ka 
(10.) And laſtly, the Field of View in this Sort of Te- 
leſcope is the whole Area, or Aperture of the Diaphragm 
next the Eye, and therefore as much larger than what you 
| have in the Galilean Teleſcope, as the ſaid Aperture here 
[ is larger than the Pupil of the Eve. And ſuch is 
| the Conſtruction and Rationale of the common refracting 
"Teleſcope, which neither you, nor no one elſe could pro- 
perly comprehend without actually viewing the ſevenil 
bi Parts of the Inſtruments themſelves. | 
| Eupbroſ. l am thoroughly ſenſible of that; for it s 
= here as with the Microſcopes, unleſs we ſee the Form and 
Poſition of the ſeveral Parts ſeparately, it is impoſlibleto 
| | have an adequate Idea of the joint Effect of the Whole, 
in the Structure of Inſtruments. --——And, after all, 1 
find that this refrafting-Teleſcope does nothing more than 
"the former, but het the Object upright, which is certainly 
a very great Improvement upon the Gatzlean Telelcope, 
in regard to the Amplification of the Field of View. 
But at preſent I muſt defiſt, to attend another Engage» 
ment, and will give you the Trouble to proſecute whats 
remains, relative to this Subject, at our next Leiſure ®.” 
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V. B. The Teleſcopes deſeribed in the above Dialogue 
I have thought proper to illuſtrate by a Copper plate, repre- 
ſenting the Sun-Beams entering through Scioptric Balls inte 
a darkened Room, and refracted through the ObjeQ-glaſſes of 
Teleſcopes fix -d in circular Frames, perpendicularly, on long 
Pieces of Wood fcrewed on to the ſaid Balls: and at the other 

End of the ſaid Pieces of Wood are placed the Eye-glaſſes, it 

- _ © + roper Diſtances from the Object- glaſſes, and from each other; 
by which it appears, that each Teleſcope produces the ſam8 
Effect of refracting the Rays to proper Focuſes, and, at lat 
rendering them parallel to the Eye, by which diſtin& Viſion i 
. produced. The firſt, or uppermoſt: of: theſe, repreſents tis 
Glaſſes of the Galilcan Teleſcope. — The Second, te 
aſtronomical 'Teleſcope.——The Third is the four-glaſs Tele- 
ſce p?.—— The Fourth is the Night-Teleſcope. If the Glalles 
of any of theſe Teleſcopes were to be thus placed in a darken: 
ed Room, the Beam ot the 'Sun's Light would paſs throvgi 
them in the ſame Manner as here repreſented, 8 
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DI ILO GU vMh 


' The NATURE and ConsSTRUCTION of refrafting 
TELESCOPES continued. | 


1 E uphroſyne, 


Am now ready to attend you, Cleonicus, in what you 
| have farther to ſay upon the Subject of refracting 
Teleſcopes.—You have already deſcribed to me the four 
principal Forms, the laſt of which was one of four Glaſſes; 
but I remember you ſaid, there were other "Teleſcopes 
that had more than four Glaſſes; pleaſe to let me know 
what Purpoſe the additional Glaſſes anſwer? 

Cleon. In ſöme there are hve, and in others there are 
ſx Glaſſes, which are principally intended to enlarge the 
Field of View, and to render the Image more perfect to- 
wards the extreme Parts: The Diſpoſition of the Glaſſes 
is different in many of them; but, in general, it is the 
ſame as what you fee in this, which I here put into your 
Hand. And that you may ſee the Difference between 
this, and a four-glaſs Teleſcope of the fame Length, you 
have now an Opportunity of viewing the Croſs, the 
Globe, or Ball, and the Dome of St. Paul's, the Sun 
lying advantageouſly upon them. | | | 

Euphroſ. Theſe Teleſcopes, I ſee, are about three 
Feet in Length, and I ſhall gladly experience their Dif- 
ference. Firſt, I will take the four-glaſs Teleſcope, 
with this I ſee the golden Croſs, curiouſly wrought, 
and very large and diſtin. — The Ball appears very 
grand, as well as globular, with curious Workmanſhip, 
Hand the Golden-gallery appears like what it is when 
we are upon it: I can eafily diſtinguiſh Men and Women, 


their different Habits, Colour of their Cloaths, ſome of - 


them walking, and others leaning over the Paliſades. 
The Dome appears to be a glorious Retundo, and every 
other Part in Proportion, exhibits an agreeable SpeQacle. 
——— —] will now take the Teleſcope with fix Glaſſes, 
— and, in viewing the ſame Objects, I perceive 
2 Difference in the Extent of the View, which is 
certainly, here much larger and finer than before; but, 
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at the ſame Time, I do not think the ſeveral Parts ap- is 
pear ſo very diſtinct as in the former, — and, on that bee 
Account, I really do not know which of the two I ſhould the 
chuſe. 5 | 5 | | Tit 

Cleen. You need give yourſelf no Trouble about that, nit) 
my £uphreſyne ; for 1 ſhall make you a Preſent of them inj 


both: They have each their peculiar Advan- 
tages, and you never will find any one Inſtrument in 
which the different Perfections of various Forms can be 
all united. : | 

Eupbroſ. I readily believe what you ſay : But what 
are thoſe long Teleſcopes in Mahogany, and coloured 
Wood? Axe they not what you call Sza-Telzſcopes, 
Cleonicus? | | | | 

Cleon. Yes, my Eupbroſyne, they are, and uſed chiefly 
by Maſters of Veſſels, and other Sea-faring People, for 
as they are all in one entire Lengih, they give them no 
Trouble, and require no Time in applying them to ule; 
This renders them more fit for their Purpoſe, who often- 
times have not a Moment to ſpare, when their Uſe is 
required, for viewing a Ship, Headland, Lights, &. at 
the firſt Appearance. Add to this, that Vellum, or 
Parchment Tubes, of which common Teleſcopes are 
made, will not bear the Action of a ſaline Atmoſphere, 
which ſoon diſcolours them, deſtroys their Texture, and 
renders them unfit for Uſe, unleſs they are taken very 
great Care of indeed, and kept in proper Caſes. 
EEuphroſ. But I fee here a Teleſcope ſomewhat different 
from the former, eſpecially at the Object-end, the Braſs: 
work of which I perceive to be of a ſquare Form; to what 
Purpoſe does that ſerve, Cleonicus? x | 
Cleen. That Object end of the Sea-Teleſcope is made 
in the Form of a Dye, on Account of its holding two 
Glaſſes; either of which may be immediately applied, 2 
an Object-glaſs, by turning the Place round in which 
they are contained, which is done in an Inſtant, by 2 BF "fy apr 
proper Mechaniſm in that Part: by this Means you hare, a direct 
as it were, a double Teleſcope in one Inſtrument ; for the Eupli 
Glaſſes being of a different focal Diſtance, and the Baß and 1 © 
Tube being made to draw out at the Object-end as well Put not: 
as the Eye- end, the Teleſcope may be lengthened, r great Dj 
fhoctened, at Pleaſure, according to the Object-glaſs that wo Te 
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is uſed :—But when we conſider, that ſuch a Teleſcope 


becomes, by this Conſtruction, ſo expenſive, as to equal 
the Price of three very good ſingle Teleſcopes, at the fame 


Time each of which may have a different Power of mag- 


nifying, it appears to me to be a very prepoſterous and an 
injudicious Contrivance, and, as ſuch, deſerves no farther 
Notice. I Hee 75 | 
Eupbreſ. There is yet another Teleſcope which makes 
a conſiderable Appearance, concerning which you have 
not ſaid any Thing. Pray, is the internal Structure of 
this different from any of the former, as I fee nothing 
different in its external Form? 0 | 


Cleon. This is a Patent Teleſcope, and different from | 


others in having a double Object-glaſs, one convex and 
the other concave, placed contiguous to each other in 
the ſame Cell: The ſpherical Figure of which is different 
in each, and the Deſign of ſuch a Combination of Glaſſes 
is, that one may correct the Errors of the other, in regard 


to the colorific Refraction of Light; for whereas you” 
have been taught by priſmatic Experiments, that Rays 


of Light have different Degrees of Refrangibility, and 
I have not long ſince obſerved to you, that this is one 


great Cauſe of the Imperfection of refracting Teleſcopes 


with a ſingle ObjeQ-lens of a convex Form, therefore 
this concave is added to correct this Aberration of Rays, 
and to render the Image of external Objects more perfect 
and uniform. SE] | | 
Euphroſ. And do thoſe two Glaſſes anſwer ſuch a Pur- 
poſe in a ſenſible Degree? | | | 
 Cizon. You will have no Occaſion to take my Word, 
or Opinion, about this Matter, becauſe you may try the 
Experiment yourſelf, and ſee the Difference betwixt this 
and another of the ſame Length and magnifying Power. 
Il have here contrived: to place them bath in a Poſi- 
tion, to view the fame diſtant Object, which happens 
ery rapes to be the Croſs on the Tap of St. Paul's, in 
a direct View. 5 h | 
Euphiroſ. The Croſs makes a very curious Spectacle; 
and 1 obſerve, very plainly, that there is a Difference, 
but not ſo great as I ſhould have imagined, from the very 
great Difference which you mention in the Price of theſe 
two Teleſcopes, ——— There is (je ne ſcai quoi) 
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ſomething which I cannot well expreſs, in the Effect of 
this Teleſcope I ſee the Crots and its Parts more 
perfectly in one reſpect, yet not ſo much fo in another. 
hut there ſeems to be ſo much of Ambiguity in 
the different Effects of theſe 'Teleſcopes, that ] muſt be 
longer exerciſed in the Compariſon of them before I can 
pretend to form any adequate Notion of their reſpective 
Merits, or how much one is preferable to the other —- 
But, pray, what is that particular Conſtruction of a Tele- 
ſcope you call a Polemoſcope? 

Clean. By that Term is meant, a Teleſcope, at the 
Object-end of which is fitted a very curious reflecting 
plain Speculum at half a Right-angle to the Axis of the 
Teleſcope, which is directed to the middle Point of the 
ſaid Speculum, as you obſerve in this Part which I ſcrew 
off and on. | | 

Euphro/. But what is implied in the particular Etymo- 
logy of the Word? 3 

Clean. The Name implies an Inſtrument of the Tele- 
ſcopic-kind, for the Uſes of Mar; that is to ſay, ſuch, 


as the Generals, or Officers concerned in Sieges, Forti- 


fications, &c. have often Occaſion to uſe: For, in many 
Caſes, beſides a direct View {trait forward, they have 
often Occaſion to ſee what is doing by Perſons on either 
Side, above, or below the Place where they ſtand, and 
which, with this Contrivance, they can eaſily command | 
a View of; for, as you turn the Glaſs in your-Hand, you 
take in all Objects in a lateral Situation, or ſuch as are 


placed Side-ways, and cannot be ſeen by a common Tele- 


1cope.——lIf you turn the Speculum downward, you ſee 
all below; —if you turn it upwards, the Top df 


* 


the Buildings, and the People there, are expoſed to your 
View: And thus the Actions of the Enemy may be re- 
connoitred, while they think themſelves quite ſecure from 
your Notice. . 3 eden 

Eupbroſ. Why, after all your learned Terms, I find 
that this high-ſounding Inſtrument. is nothing more than 
the common Opera-glaſs, which a Lady of my Acquain- 
tance ſnewed me the other Day, having a Hole on each 
Side, in which there appears a plain Looking-glaſs adapted 


to each End, and by which ſhe could take a View of any 


Perſon ſhe pleaſed, without his having the leaſt Suſpicion 
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of it, as the Glaſs was directed quite another Way. I 


cannot ſay but I was very much pleaſed with the Effect, 


and wiſhed for ſuch a one of my own. 


Cizon, Then here you have your Wiſh, my Euphraſyne ; 


for I have deſignedly procured ſuch a ſmall collateral Opera- 


glaſs on Purpoſe to exemplify the Uſe of the other more 


at large, fince Side-views may oftentimes be agreeable 
and uſeful to the Fair-Sex, as well as neceſſary to military 
Officers. Thus, both the one and the other you have in 
your Foſſeiſion, to uſe at your Pleaſure. i 
Euphroſ. You will greatly enrich me with an Appa- 


ratus of ſuch curious Inſtruments.- But I remem- 


ber, in the laſt Place, you mentioned another Sort of op- 


tical Inſtruments, you called HELIoscopES, pray, what 


are they ? 
Cleon They are ſtill of the Teleſcope Kind, and are 
ſo contrived as to give a very pleaſant and inoffenfive View 
Ladle is much too great to 
admit him an Object of the common 'Teleſcope. — 
is neceſſary, one Way or other, to weaken, or obſcure 
his Rays, that our Eyes may behold the moſt illuſtrious 
Object of Nature; — there are many Ways of doing 
this, the moſt common is, to hold one of the Eye- glaſſes 
of a common four-glaſs: Teleſcope over the Flame of a 
Candle till it is thereby rendered ſufficiently black, to 
view the Diſk of the Sun without : hurting the Eyes, 
which will do pretty well for common Uſe:—— Another, 
Method is, by placing a Piece of ſtained Glaſs, of a very 
deep, dark Colour, in the Braſs Cell next the Eye, which 
will anſwer the ſame End and with leſs - Trouble :— 
But the beſt, and moſt perfect Method of making a 
Helioſcope is, to weaken the Rays of the Sun by many 


 Refletions, forward and backward, from Surface to Sur- 


face of a proper Number of plain, poliſhed Speculums, 
till, -at laſt;- they are rendered fo faint, that the Eye may 
ſuſtain their Effect without any Trouble or Inconvenience, 
and the Face of the Sun will appear, in this Way, ſo 
very ſerene and diſtinct in every Part, that the Maculæ, 


and Fæculæ, i. e. the dark Spots, and the brighter Parts, 


will, this Way, appear to the greateſt PerfeCtion.: 'This 


- one of the many celebrated Inventions of the late Dr. 
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Euphreſ. The Subject of Teleſcopes, I find, is very 


extenſive, and admits of great Variety.—Are there any 


other Forms or Denominations of this infrument which 
remain to be conlidered? 


Clean. Tes; one very material one, called the ſolar 


Teleſcope, and which will afford you no ſmall Amuſement 
at your leiſure Hours, in a darkened Room. This In- 
Rrument is no other than a Galilean Teleſcope, ſcrewed 


Into a ſeioptric Ball, moveable in its Socket, faſtened to 
the Window-ſhutt—— Walk but into the little Parlour, | 


which 1s already darkened, and there you will ice its de- 
lightful Effects. 


Euphroſ. And what am T to ſee now I am here, Cleoni- 
cus? At preſent [ obſerve only a Beam of the Sun's Light 


coming through the Inſtrument. 


Gleon. That Beam of Light is to paſs through this 


mall proſpective Glaſs, when ſcrewed into the Hole of 


the Bail, and in ſuch a Manner, that when the Rays 


proceed from it, they will form a very large and beautiful 


Image upon the Screen, which you there ſee placed on 


- purpoſe to receive it. I have now ſcrewed it on, and 


you obſerve the Effect of it as a Helioſcope ; for this 
is one of thoſe Helioſcopes which Dr. Hool, in his 


Treatiſe on this Subject, recommends, and it is, in his 


Opinion, the beſt Method of forming the Sun's Image. 
Euphroſ. I cannot but admire the Effect of it, in pro- 
ducing ſo curious a Picture of the Sun: How large 
and well defined a Circle it makes, ——in its own native 
and pure white Light! —— —Thbe Spots, how plain and 


diſtinct they appear !———and the Clouds, how quick 


and how natural they. a are in Motion, upon the Sun's 
Diſk !——T think this is every whit as perfect as that 
which J ſaw by the reflecting Teleſcope ſome Time ago, 
which you purpoſely contrive to obliged me with an gti 
ficial View of the Franſit of Venus: —But now 
the Time is at Hand, when we are to view that glort- 


ous Phznomenon in Reality, will not this Experiment, 


by Galies's Teleſcope, be ſufficient to anſwer that 
Purpoſe ? 


len. If not the moſt perſect and ready Way of ex- 


hibiting that * it ms to have been this 
very 
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very Method that Mr. HorRox himſelf made uſe of, to 


obſerve. the Tranſit of Venus in 1639; for be tells us, 


he obſerved the Planet Venus on the Face of the Sun, by 


| Aan his Teleſcope, in his darkened Chamber. Now, 


there could be no Neceſſity for his darkening the Room 
for obſerving the Sun, by a "Teleſcope, any other Way 
than this; nor is it in any Degree neceffary even here, 
but only for greater Diſtinctneſs; for, at the Time of 
the Tranſit, the Planet will be ſeen ſufficiently plain, as 
you may judge by the Appearance which the Spots of the 
Sun now make when 1 open the Window-ſhutters and 
let the Light into the Room. I have now opened 
the Window, that you may ſee the Experiment both 
Ways, viz. in the darkened and enlightened Room, at 
once. | 
Euphroſ I am fully convinced, by this Experiment, 
that ſcarce any thing more is neceſſary to ſhew the Spots 
upon the Sun than only ſome Contrivance to keep off 
the Sun-beams, and the dire& Light from falling upon 
the Screen, in any Sort of 'Teleſcope or Helioſcope what- 
ſoever.— Would not this be a very good Way, Cleanicus, 
to obſerve a ſolar Eclipſe ? | | 
Cleon. The laſt conſiderable Eclipſe of the Sun I 


ſhewed this Way, to a great Number of Spectators, who 


were all greatly pleaſed in viewing it in ſo advantageous, 
and, at the ſame Time, ſo inoffenſive a Manner: And 
thus, alſo, you may view the approaching great Eclipſe 
in 1764. But for my own Part, when I want to 
ſatisfy my Curioſity with a View of the ſolar Spots, &c. 


I give myſelf no trouble in darkening of a Room, but do 


it either by the reflecting Teleſcope, in the Manner I 
icrmerly ſhewed you, or elſe by this ſmall Teleſcope, in 
a Ball and Socket, fixed to a Board, which I place near 
the Side of a Table on a proper Stand, and, as it 
darkens the Screen, gives me an Opportunity of viewing 
the folar Diſk, Spots, and Clouds, juſt as you now 
oberes. N 

Euphroſ. I ſee you have many Inventions to gratify the 
ſew who havè any Taſte for natural Curioſities, or think 
it worth while to obſerve the Wonders of Nature. 

| Cleon. You have as yet ſeen but one Part of thoſe 
optical Inſtruments, we call Teleſcopes ; but there is 
vi bs 3 ' . : L another 
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another Sort yet, more perfect than theſe, which we call 
reflecting Teleſcopes, the external Form. of which you 
are no Stranger to; but the Nature and Structure of this 
Inſtrument being very peculiar and delicate, I ſhall en- 
deavour to give you an [dea of it the next Opportunity 
we have to converſe upon theſe Subjects, together with 
fome Account of their Origin and Invention. 


* 


— — 


DIALOGUE X. 


Of the Narukk, Ogleix, ConsTRUCTION, and 
„ UsE of refletting. TELESCOPES, 


Cleonicus. 


N our former Converſation, I have obſerved to you a 
very material Defect in the Nature of refracting Tele- 
ſcopes, viz. that they refract not all the Rays of Light to 


a ſingle Point, as they ought to do, for the Perfection of 


Viſion, both on Account of the Figure of the Lenſes, 


and of the different Refrangibility of the Rays of Light; 


and, in the very great magniſying Powers requited for 
celeſtial Obſervations, their great Length renders them 


unwieldy, and conſequently very inconvenient for Uſe: 


And this proved the general Reaſon for the Invention of 
Feleſcopes by Reflection, which are, generally ſpeaking, 
orale nens 8 


Euphroſ. I remember you have often mentioned this 
Affair: But let me aſk you one Queſtion concerning long 
Refractors. Pray, have not all the Skill and Ingenuity 


of Opticians been able to contrive a Contraction of their 


immoderate Length, ſo as to render them more eaſy to be 


uſ ed? | 


Cleon. Many Attempts of this Kind have been made; 
but the moſt remarkable were thoſe invented by Dr. Hot, 
under the Name of HEL1osCoPts, which he effected by 


various Reflections, from plain Speculums which be 


placed in a long ſquare Tube; ſo that if theſe Reflections 


were made from End to End, he ſhews (to uſe his own 
Words) how + of the Length of the common Tubes 
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may be taken away by four Reflections. — But we do 
not find that this ingenious Invention of the Doctor's 
ever obtained ſo far as to be of general Uſe: It is pro- 
bable it might be owing to the imperfect Manner of mak- 
ing and poliſhing the Speculumsa hundred Years ago; and 
that if the ſame Method were to be now revived, it might 
be attended with better Succeſs : But this only by-the-bye. 
Reflecting Teleſcopes are undoubtedly the beſt 
Succedaneum to Refractors. | 
Euphroſ. Pray, who was the firſt Inventor of Tele- 
ſcopes by Reflection? | ; 
Cleon. The firſt who has given us any direct Account 
of this excellent Invention was Dr. James Gregory, in his Pl 
Book entitled Optica Prometa, which was printed in the 1. 
Year 1663. He has there (Page 94, ) given us a Figure | | 1 
of the ſaid Teleſcope, very much the fame Form with 1 
thoſe we have now in Uſe, viz. conſiſting of one large, I! 
and one ſmall reflecting concave Speculum, and one Lens 
in a Piece at the End, whence it will appear with how 
much Propriety this Form is called, the Gregorian Tele- 
ſcope. But with Regard to the great Speculum in this 
original Teleſcope, it ſeems to have been made of Glaſs, 
and was of a parabolical Figure. The ſmall Speculum, 
he tells us, was elliptical ; but afterwards he allows, that, 
conſidering the Difficulty of acquiring theſe Figures me- 
chanically, Speculums of a ſpherical Form will do very 
well. | | 
Euphroſ. I always had a Notion, that Sir 7/aac Newton 
was the Inventor of the reflecting Teleſcope: Pray, is 
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ns not this the common Opinion ? 
"Y Cleon. Moſt People have ſuch a Notion ; but it rather 
ty proceeds from his Improvement, or the Method which he 
he took to bring them into common Uſe: For that great 
. Man did, for a long Time, labour with his own Hands, 
. both in grinding Mirrors, in Metal and Glaſs, of a 
bot. ſpherical Form, and conſtructed a "Teleſcope with Specu- 
. lums of his own Working; and, laſtly, gave a general 
by Rationale of the Whole: From whence the World was firſt 
5 taught the Nature of Viſion by Reflection, and how much 
red it is preferable to that by Reftaction; and therefore the 
n Tnkokv of the Inſtrument, eſpecially the comparative 
bes Part, we owe to Sir IsA Ac NEWTON, N 
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Eupbroſ. Pray, wherein does the great Excellency of 


a reflecting Teleſcope conſiſt? 


Cleen. In this one Particular, that ſince (as I hereto- 


fore ſhewed you) the Angles of the incident and reflected 


Ray are ever equal, therefore Rays of every different 
Sort falling upon a Speculum, very near to its Axis, wil} 
all be reflected to one Point therein, at leaſt ſo nearly, 
that the Difference is not ſenſible in any Experiments of 
Viſion; and therefore all that ImperfeCtion arifing ſrom 


the colorific Quality of Rays, in refraQting Teleſcopes, 
has here no Place; nor is the Error, from the Figure of 
the Speculum, any Thing like ſo great as that from the 
Figure of Lenſes: Theſe Teleſcopes, therefore, are 
as perfect in their Nature as any Thing of this Kind 
can be. | 

Eupbroſ. Methinks I ſhould be very glad to have an 
Idea of the particular Manner in which Viſion is produ- 
ced, or the Object formed in a reflecting Teleſcope. 
Cileon. I will give you as particular an Account thereof 
as poſſibly I can, and illuſtrate each Part by an Experi- 
ment. ; | 
Firſt, with reſpect to reflected parallel Rays, you muſt 
know that their Focus, or Point, where the Image is 
formed, is juſt a fourth Part of the Diameter of a Sphere, 
of which the great Speculum is a Segment. T hus, for 
Inſtance, you ſee a metalline Speculum, which I take out 
of this Reflector, and holding it in the Sun-beams, they 


are all reflected to a Focus, at 9 Inches from the Specu- 


lum, as you ſee meaſured by the common Foot-rule; and 
therefore the Diameter of the concave Sphere, of which 
this Speculum is a ſmall Portion, is 4 Times 9, or 36 
Inches in Diameter. 2 7 
Eupbroſ. All this I perceive very plainly; and the 
Image of Objects formed by ſuch a Speculum is, I 
* oſe, equal to that made by a Lens of 9g Inches focal 
iſtance. ö 
Clean. It is ſoz and fince the Image and Object both 

| appear under the ſame Angle from the Vertex of the 


irror, we may reckon the magnifying Power, by the 


firſt Reflection, to be 9 Times: Which may be demon- 
ſttrated after the ſame Manner as I formerly ſhewed by 
Lenſes, which 1 ſhall likewiſe- now ſhew you by Experi- 
| | ment. 
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ment. For the ſmall Speculum, which you obſerve at 
the other End of the Tube, has it focal Diftance juſt one 
Inch, and therefore if placed juſt 10 Inches from the 
great Speculum, by Means of the Wire ſcrew at the Side 
of the Teleſcope, then will the Image be in the com- 


mon Focus of both the Speculums; the Rays therefore 


which proceed from the Image to the ſmall Speculum will 
be reflected by it, parallel among themſelves, through 
the Hole of the large one; and therefore, if your Eye be 
placed in thoſe parallel Rays, you will fee the Object moit 
perfectly in the ſmall Speculum, and magniſied in Pro- 


portion to the focal Diſtances of the two Metals, that is to 


fay, as 9 to I. J will take off the Eye-piece, then 
apply your Eye to the Hole, and turn the Screw till you 
ſee the Object plain. | 

Euphroſ. Let me try this Experiment: ——T do 
as you direct meat length I ſee the Object very 
diſtinct, very perfectly. indeed: — But I ſee no 
more than what is in the Face of the ſmall Metal, and 
therefore the Field of View is very ſmall I alfo 
obſerve it is magniſied; but I ſhould not have thought it 
was 9 Times larger than the Object. 
every Thing upſide down. ————On all which Ac- 


counts, this ſeems not to be the beſt Method of viewing 


Objects. 8 . 
Cleen. You are ſo far right, my Eupbroſyne; the Field 
of View mult neceflarily be ſmall, as the Eye muſt be 


placed ſo far from the ſmall Speculum; - the Im ge 


muſt neceſſarily be inverted, as the Rays croſs each other 


in the common Focus of the Mirrors :——— But your 


imagining the Object not to be ſo much magniſied, is one 
of the moſt uſual Fallacies of Viſion; for the Objects 
muſt ever be magnified in the Proportion of the focal 
Diſtances of the Mirrours.— The two Metals, as they 
are thus combined, are exactly analogous to the aſtrono- 


mical Refractor, except that in the latter, your Eye may 
de placed near the ſmall Lens, and by that Means you have 


an amplified Field of View. | 
Euphroſ. The ſmall Braſs Tube that you ſcrewed off, 


and which you called the Eye-piece, feems neceſſary to 


render this Inſtrument compleat; but in what Reſpect it 
is ſerviceable to this End you will pleaſe to let me know, 
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Cleo, I will: This brings me to conſider the 


ſecond Part, or Effect of this optical Machine, which, 


you are to know, is intirely of the Microſcopic-kind : For 


the ſmall Image, formed by. the great Speculum, is ſo 


perfect by Reflection, that it will bear to be magnified a 
ſecond 1 ime by the ſmall Speculum, and therefore may 


now be conſidered as a Microſcopic Object: Beyond which, 


if the ſmall Speculum be placed {by Means of the Wire- 
ſcrew) a little more than its proper focal Diſtance, then 
the Rays, which fall on it from the firſt Image, will not 


now be reflected parallel, as before, but converging to a 
Focus in the Axis of the Teleſcope produced; tor which 


Purpoſe, you fee it is neceſſary there ſhould be a Hole in 


the great Mirrour for thoſe reflected Rays to paſs through 


— Tn the Point where the Rays are united, there will be 


a ſecond Image formed from the Firſt, and as much ex- 
ceeding the Firſt in its Dimenſions of Length and Breadth 
as it exceeds it in Diſtance from the ſmall Speeulum; and 


therefore you will eaſily obſerve, that the Effect. of the 


. Teleſcope in this Part is quite analogous to the compound 
. Microſcope, whoſe Conſtruction I heretofore explained to 


ou. | | 
1 Euphroſ. I think, in a general Way, I conceive the 
Reaſon of all you ſay very well; but ſhould be glad if 
you could familiarize it to me by Experiment. 

Cleon. That I can very eaſily do. I place the Tube 


of the Telefcope in the Direction of the Sun-beams, 
and then I have made a little Door to open on the Side of 
the Tube, by which you may look in and ſee the Rays 


reflected, through a large Speculum, to a Focus juſt at 
9 Inches Diſtance : he Image of the Sun is there 


- nicely formed, as you will obſerve, by my holding this 
- ſmall Slip of poliſhed black Ivory there to receive it; 


which Image, you obſerve, is perfectly round, and near!y 
x; of an Inch in Diameter. 


* 


Euphroſ. This is a very curious Experiment, indeed; 


the Image of the Sun on the black Ivory is very eaſy and 


plain to the Eye,—it appears to be very perfect, indeed, 


and is, I ſuppoſe, now to be conſidered as a Microſcopic 
Object to the ſmall Speculum. | 


Cleon. It is ſo: and you will ſee a ſecond Image will 


þe formed, by ſcrewing the ſmall Speculum backward, 
| OD | at 


mentio! 
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at any Diſtanee from it, by Rays reflected through the 
Hole of the large one, the Eye- piece being taken away: 
Thus, if I hold a Piece of Writing- paper juſt be- 
hind the great Speculum, and keep moving the ſmall 
Speculum, you at Length ſee the Image formed very 
diſtinct, and large, in Proportion to the firſt; for the 
Diſtances of the two Images from the ſmall Speculum 
are nearly as 10 to; and therefore this ſecondary Image 
is nearly 10 Times as large as the firſt, or about ; of an 
Inch in Diameter. —1 now place the Paper at the Diſtance 
of 18 Inches from the ſmall Speculum, and, as I move 
the Speculum {till farther back, it gives a perfect Image 
on the Paper in this Poſition, which is larger than before 
in Proportion of the increaſed Diſtance. Once more; 
I place the Paper at the Diſtance of two Feet from the 
little Mirrour, and then you ſee, by removing the ſmall 
Speculum ſtill farther from the firſt, how a ſecond Image 
is formed twice as large as the firſt in Diameter, and yet 
very perfect. | 

Euphreſ. So very perfect, Cl/onicus, that I really ſee 
the Spots on the Sun's Diſk. — Why, this ſeems to 


me to be an excellent Way of viewing an Eclipſe, the 


Spots in the Sun, or a Tranſit, &c. without more ado. 
Cleon. It is the moſt perfect Way, of any, of repre- 
ſenting thoſe Phznomena, as they are formed by two Re- 
fections only, and they cannot be ſhewn by leſs; and if 
the great Metal has a large Focus, the Fxperiment of 
exhibiting the ſolar Diſk this Way is moſt delightful, in- 
deed ;—as ſor Inſtance, ſuppoſe it was 3 or 4 Feet 
focal Diſtance, the Image of the Sun's Image might be 
thereby eaſily made 5 or 6 Inches in Diameter, which will 
be large enough for all the before mentioned Purpoſes. 
But to return; this ſecond Image is that which 
we view by the Eye-glaſs of the Teleſcope, in the ſame 


Manner as the large Image is viewed by the Eye-glaſs in 


the upper Part of the compound Microſcope 


From all which it appears, that a reflecting Teleſcope is a 
compound Inſtrument, confifling of a TELESCOPE and a 


MickoscopE: and if the Metals are ſuch as are before 
mentioned, whoſe focal Diſtances are as 9 to 1, then, 
s a Teleſcope, it will magnify 9 Times, and in the 
Microſcope: Part it will magnify 10 Times; therefore, 
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upon the Whole, it will magnify 9 Times 10, or go 
Times, and all this in a Length of Tube not greater than 
x4 Inches 
Euphro/. By this compound Power of magnifying I 
readily diſcern the Reaſon, why a reflecting Teleſcope is 
ſo very ſhort, compared with a Refractor of the ſame 
Power, and conſequently how much more convenient 
they are for Uſe, as they are eaſily applied to a proper 
Stand or Pedeſtal, and are capable of a Motion every 
Way, which not only facilitates its Uſe, but renders it 
vaſtly more pleaſant and agreeable. But one Thing 1 
muſt remind you of, Cleonicus; 1 remember, ſome Time 
ago, I afked you what was the magnifying Power of this 
Teleſcope, and I remember you told me, it was about 56 
Times, or fomewhat more: How, then, does that agree 
with the magnifying Power you now mention of 60 
Times ? | | 
_ Cleon. I will ſoon ſatisfy you in that Particular, I have 
at preſent ſuppoſed, for your more eaſy Comprehenſion, 
that the focal Diſtance of the ſmall Speculum is only one 
Inch; but that is found, by Experience, to be too ſmall, 
or the Power of magnifying too great, to admit of a 
fuſhcient Degree of Diſtinctneſs and Brightneſs in view- 
ing common Objects, and therefore it is cuſtomary now 
to make the ſmall Mirrors about an Inch and half focal 
Diſtance, and then it will magnify, as a Teleſcope, fix 
Times, and as a Microſcope, about nine Times, and 
therefore the Power of magnifying will be, upon the 
hole, about 54 Times. 2 
Euphroſ. L apprehend you very clearly, and cannot but 
admire the wonderſul Art employed in the Structure, and 
the noble Effects of this curious Machine. gut one 
Thing occurs as a Query, which is this: Since the pi. 
mary Image in the Teleſcope is magnified by the ſmall 
Mirror in the Nature of a common Microfeope, pray, 
Claonicus, would not any ſmall Object, ſubſtituted in the 
Place of that Image, be magnified by this little Mirror 
in the ſame Manner, and thereby this Teleſcope be 
made to anſwer the eommon- Uſe of the compound Mi- 
croſcope ? 2 oo | | 
Gleon. I, muft compliment you, my Ephreſyne, on 
this happy Thought of your's ;- for though this * 
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is now of 100 Years ſtanding, the Uſe you have now 
mentioned of it has never been conſidered till very lately, 
nor do you find any Author who has given Directions for 
this Part of the Uſe of the Teleſcope : But, to ſay 
the Truth, there is no Microſcope can give ſo perfect a 
View of an Odject as you have this Way ; and I can 
aſſure you, that this was the Sentiment of a NoBLEMan 
of the firſt Rank (for whom the Muſes are now in the 
deepeſt Mourning): And whoever has Dexterity enough 
to apply Objects this Way, will find their Curioſity 
highly rewarded with the moſt exquiſite Views of Nature's 
high finiſhed Pieces in Miniature; and that nothing of 
this Kind in Nature or Art may efcape your Notice, I 
have contrived to make this Method of applying Objects 
very eaſy for your Uſe, viz. in the Teleſcope at large, by 
a Door opening on the Side againſt the common Focus of 
the two Mirrors ; where a Pair of Plyers are eaſily fixell 
for holding any ſmall Object before the ſmall Speculum 
in a proper Manner, and then, whether tranſparent or 
opake, it may be viewed by procuring a proper Focus by 
turning the Screw at the Side. ep 

Euphroſ. I was juſt wondering what that Opening, or 
Door at the Side of the Tube, ſhould mean; but now I 


lee how perfectly it ſuits the Deſign : = You'll however 


oblige me with a View of fome ſmall Objects in this 
Method. | 7 


Cleon. With the utmoſt Pleaſure I ſhall do it, having 


provided ſeveral fit Objects for that Purpoſe. =— In the 


| licſt Place, the Ends of the Plyers itſelf, which are placed 


to hold the Object, will give you full Satisfaction in this 
Point. I put the Cover on at the End, to keep all 
dark about the fmall Specutum when opake Objects are 
deſigned to be viewed, then turning the Teleſcope about, 
lo that the Sun-beams may fall on the Side of the Nip- 
pers next the ſaid Speculum, you may view the fame 


- 


the Inſtrument in the common Way. 

Euph:oſ. It makes a very delicate Object, indeed, and 
ſhews wonderfully, well the microſcopic Power of mag- 
nifying in this Inſtrument: cannot but admire the 
line Colours which appear; how intenſe the Blue, and 
ſtrong the Mazarine !—your Plyers ſeem, to the naked 

M2 . 


magnified in a very agreeable Manner by looking through _ 
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Eye, a pretty poliſhed Thing ; but in this Inſtrument it 
appears very coarſe, and furrowed with the 'Teeth of the 
File. But now let me view ſome other Object. 

Cleon. The Skin of a Sole-filh is what you have ſeen 
in Microſcopes, and is what I thall now put in the Plyers 
for you to view, and form a Judgment of us Appearance 
in the two different Inſtruments. It is now placed in 
a proper Light: Look at it. 

Euphbreſ. I do remember ſeeing the ſame Object be. 
fore; but I muſt acknowledge I never ſaw it in that Per- 
fection, and fo diſtinctly, as now: cannot fee how 
it is poſſible for any Thing to exceed the Delicacy of ſuch 
a microſcopic View. Pray, how do tranſparent Objects 
appear ? 

Cleon. That you will likewiſe eaſily find by viewing 
one ſingle Scale of this Kind in the Plyers :——I hare 
choſen a large one for this Purpote, which you may now 
obſerve, the End of the Teleſcope being now opened for 
the Sky-light. . 

Euphroſ. I view it with great Satisfaction, —and 
by moving the T<leſcope alittle one Way, and the other, 
I find that Light which ſhews it to the beſt Advan- 
tage. 

lem. I next preſent to your View a ſmall Piece of a 
Leaf anatomized, ſuch a one as you here ſee diveſted of 
its Skin, and all the green Part, which the botanical Ana- 
tomiſts call the Parenchyma. | 

Euphroſ. Why this Leaf, Cleonicus, is one of the fineſt 
Objects 1 ever ſaw, without being magnified at all; but | 
as its Texture appears ſo delicate, it certainly requires 2 Icope, 1 
magnifying Glaſs to ſhew it to its utmoſt Advantage: A le, 


ſmall Piece of that muſt certainly make a fine microicopic Euph 
Object. | | lomethi 

Cleen. A Piece of an Ajpen-leof is now in the Plyers, ¶ Vue Ene 
to gratify your Curioſity. over all 


Eupbroſ. And a great Curioſity, indeed, it is to view WF Arr 
it; what wonderous fine Branchery and Ramification the 
through all the Parts, appear! How amazing are all do real. 
the Works of Nature, in theſe artificial Views!  Dece; 

Cleon. Theſe Inſtances ſufficiently ſnew how excellent tall; b 
a Part of the Teleſcope bas hitherto paſſed unnoticed by felemble 


the Public, and how very incurious they have been about * Fing 
tte edle. 
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the Improvement of ſo noble an Invention :—— —But a 
farther Proof of this we have in the deficient Structure 
thereof, by all the Opticians hitherto, who, from Father 
to Son, have gone on in one common Track of limiting 
our View of all Objects to the Diſtance of 60, 80, or 
100 Feet, according to the different Sizes of the Inſtru- 
ment; ſo confined and indelicate were their Notions in 
: the Mechaniſm of this Inſtrument, that they never con- 
ſidered it as capable of improving the Sight for near Ob- 
5 jects they left us to the dull Satisfaction of diſtinguiſn- 
50 ing a Fly from a Bee, a Wasp from a Hornet, or an Anemony 
15 from a Fenguil, Ic. by the natural Sight, as if the ge- 
neral Form and Appearance of Objects were all that we 
were to be folicitous about: —-— But they who know the 


hs Pleaſure of the more improved and refined Views even 
_ of common Objects, cannot but look upon the uſual 
7 Structure of our reflecting Teleſcopes as very imperfect; 
every Object about us we view with a naked Eye, ap- 

LS pears ſo ſtrangely altered by the Teleſcope, that you 
Nr, ſcarce know what you look at. I could engage to ſhew 
5 jou many of them, without your being able to gueſs at 
the Subject, though ever ſo well known in a vulgar 

<<. View. —— —I ſhall now try you with an Object you are 
i of well acquainted with; but had I faid nothing to you, I 
$8 am well affured you would not have had the leaſt Idea of 
it, even from the moſt perfect View; for this Pur- 

Fed poſe, turn your Back for a Moment, and be upon Ho- 
but WM your not to look upon any Thing but through the Tele- 
— 5 when I ſpeak, —— — There it is; tell me what you 
rp ee, ; , 
copic Euphroſ. I do not know that IJ can preſently, —it is 
| lomething vaſtly large, with a great Elliptic opening at 
1yers, I bde End, cloſed in a ſpherical Form at the other. 
orer all which are a Number of large deep Holes in pro- 

view ber Arrangement, each one big enough to hold a Bullet; 


cation the Whole ſeems of a huge cylindric Form; and T 
are all Ido really think, had you not been ſpeaking of this Sort 

of Deception, I ſhould have formed no Idea of the Thing 
cellent Mall; but as the Caſe ſtands, I judge it muſt very much 
ed by felemble a Yhimble, which Gulliver might have ſeen on 
| about Ide Finger of the Brobdingnag Woman at work with a 
the Needle, * 13 2 
| R 3 | 
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Cleon. The Conceit is very juſt; for the Appearance 
would have been much the ſame as your ſmall thimble 
thus magnified, by the MHegalaſcope: For now this Inſtru- 
ment leaves the Name of a Teleſcope, which denotes its 
ſhewing 4:/{ant Objefs only ; but when we come to apply 
it for viewing Objects that are very near, it is called an 
EN GYS COH; and on Account of its ſhewing all the larger 
Sort of Objects, ſtill much larger than they appear to the 
naked Eye, it is called a MEGaLAscope. 

Euphreſ. It is on this Account, I ſuppoſe, that the 
ſmaller Sort of reflefting Teleſcopes are made with 2 
Drawer, or Tube, to flide out by Means of Tecth and 
Pinion on the Side. | 

Clean, You are right, my Eupbroſyne, that is the De. 
ſign of this Conſtruction ; for by that Means you may 
lengthenthe Teleſcope as you hold it in your Hands for 
viewing any Object in the Room whete you ſit, or any 

where about you to the Diſtance of within 2 or 3 Feet; 

for let the Object be placed where it will, you need only 

direct your Teleſcope to it, and, turning the Screw once 
or twice round, you will be preſented with a new and de- 
lightful View of the ſame.——Here, take this Inſtru- 
ment, and look at any Thing you pleaſe about the 
Room. | ; 

Euphraſ. Iwill: — And firſt let me look at the Car- 
pet. How very coarſe the Texture and Colours appear ! 
an odd Figure it makes, indeed. Next, I view the 

Blind in the Window, which looks as coarſe as Wie- 
lattice, inſtead of Linen-Cloth.—I now turn the Tube 
to the Horſe- hair Bottom of the Chair; and theſe I ſhould 
never have known, had 1 not firſt ſeen them with a naked 
Eye: They look more like Hurdles of poliſhed W bale- 
bone. I next direct it to the filvered Plate of the Barc- 
meter, where the Glafs- Tube, with the Silver in k, 
appears as big as your Walking- Cane, and I can plain!) 
fee the Index ſtand at Fair, II ſhall next remove i 
to the Fryit-piece, and there I obſerve the Diſh of Nec 

| tarines, Grapes, and Filberts, as natural as on the Table 
itlelf.— I view my Grandfather's Picture, and it gilt 
Lite and Relievo to the Face of the old Gentleman; bi 
Face, bis Noſe, and Lips, all project in ſuch a Mannch 
as if coming out of the Canvas. 
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Cleon. Theſe Objects may afford you a fine Entertain- 
ment within Doors; but now throw up the Saſh, and 
view the glorious Scenes of Nature over all the Garden be- 
fore you: And this I ſhall propoſe for your Amuſement 
while I withdraw, at preſent, to make good an Appoint- 
ment. 


* 1 1 
a — * * N r 


DIALOGUE X. NY 

Of the genuine Conſtruction of RexLecting TELE- 

- SCOPES, and alſo of a new proportional CAMERA 
OBSCURA. . 1 


— 


Cleonicus. 

N our former Converſation on the Subject of reflect- 

ing Teleſcopes, I obſerved to you, its general Na- 

ture in aſſiſting the Sight to diſcern moſt perfectly all 
Kinds of Objects, great or ſmall, remote or near at 
Hand: I have likewiſe farther obſerved, that the Errors 
of Viſion, by Reflection, are incomparably leſs than 
thoſe by Refraction, and that therefore the reflecting Te- 
leſcope is juſtly eſteemed” the moſt perfect of all optical 
lnſtruments; and then, with regard to the Conſtruction, 
| have ſhewn you how that is to be improved for a more 
general Application and Uſe of it. But there is ſtill one 
Thing remaining, which J think, you ought to be ap- 
prized of, and that is, that the reflecting Feleſcope, in 
is preſent Form and Conſtruction, is not made to anſwer 
that Character truly, or it is not, properly ſpeaking,” a 
jure refledting Teleſcope 5 but its Effect is produced partly 
by Reflection, and partly by Refraction, and therefore 
called, by Opticians, a Catagioptric Feleſcope: Whereas, 
that which produces Viſion wholly by Reflection is pro- 
perly called a Catoptric Teleſcope; of which more at an- 
ner Tims. 215} te | £57 

Euphroſ. How do you propoſe to explain to me the 
Conſtruction of the refleting Teleſcope? | 

Cleon. I have already ſhewed you how the Metals and 
Glaſſes are placed in this Teleſcope, which are ſuch as are 
expreſſed in this Figure (See Fig. 1.) where AB E H is 
the Tube of the N and C P D the Eye piece 
4 at 
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at the End, B E the great Metal with the Hole CD in 
the Middle, G H is a Stem or Foot on the other End, 
which ſupports the little Speculum x); in the Eye-piece, 
W NX ͤ is the firſt Glaſs, or that which is next to the 
great Metal: Y Z in the fecond Glaſs, or that next the 
Eye at P. | = 
Euphroſ. This I know is the Diſpoſition of the Glaſſes 
in the Teleſcope J have ſeen; but now, how the Image 
is formed by Reflection and RefraQtion both, you will 
pleaſe to explain. | | $3 5 55 
Cieeon. I will: In order to which, let a c and 6 d repre- 


ſent two Rays proceeding from a Point, of a very diſtant 


Object, placed in the Axis of the Teleſcope ; they vill, 
after Reflection from the Points c, d, in the large Metal, 
be converged to a Point e in the faid Axis: And, in like 
Manner, Rays praceeding from all other Points of that 
Object will, by the great Speculum, be converged to ſo 
many other Points at the Diſtance Qe, where they will 
all together form the Image of that Object I M. 

Eupbroſ. This I well remember you ſhewed me, in 
explaining the Nature of concave Mirrors of Glaſs; and 
moreover, that the Poſition of the Image I M is contrary 
to that of the Object, or inverted. Laſtly, I obſerved 
that this Image I Mis formed wholly by reflected Light: 
But, pray, Cleonicus, let me aſk you one Queſtion ; 
how comes it to paſs that the Image is perfect and entire, 
when there is ſo large a Hole in the Center or Middle of 
the Speculum ? I ſhould have thought that Hole would 
have occaſioned ſome Deficiency in the middle Part of 
the Image. 1 ,, iran oc! 
Cleon. Not at all, my Eupbroſyne; for you will eafily 
perceive that any ſmall Part of the Speculum alone may 
be conſidered as an entire Speculum of itſelf, and will 
form the Image, or Appearance of any Object, as well 
ag the Whole, only the Picture will be Jeſs luminous in 
Proportion as the Surface is leſs; and this is the Reaſon 
why, when a Speculum is broke into ever ſo many 
Pieces, every Piece, great or ſmall; forms the ſame Image 
of a given Object, in every reſpect but that of Bright- 
neſs; and therefore the Hole in the Middle of the Metal 
avails no more than it would do to ſtick a large black 
Patch any whers en the Surface of an ä 
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Glaſs, which you would find would make no Difference 
at all in the Appearance of an Image, or preſpective Pic · 
ture, formed thereby. | | 

Euphroſ. I apprehend you very well, and ſhall inter- 
rupt you no farther in this Matter.—What do you next 
obſerve in the Structure of this Inſtrument? 15 

Cleon. You are to tale Notice, that the Point / is the 
ſolar Focus of the ſmall Speculum x y, and therefore by 
moving this 5peculum to the Diſtance G #, greater than 
its focal Diſtance & / the Rays e y and ex, diverging 
from the middle Point e of the Image, will, after Re- 
feEtion at y, æ, be made to converge to ſome” diſtant 
Point in the Axis at &; but, in their Paſſage at e, are 
intercepted by the firſt Glaſs W X, and by it are refract- 
ed to a Point nearer to the Glaſs at K, in the Axis of the 


Tube; alſo, two other Rays, I G and M G, proceeding 


from two extreme Parts of the Image I M to the Center 
G of the ſmall Speculum, are from thence mutually and 
alternately reflected on contrary Sides in the fame e 
tion towards the diſtant Points A 7; but in their Way 
are intercepted by the firſt Eye-glaſs in the Points W X, 
and from thence refracted to the Points R S; and there- 
fore the ſecond Image is R K 8, and is formed partly by 
Reflection from the little Metal x y, and partly by Refrac- 
tion through the Glaſs W X: And hence it is, that the 
Inſtrument, in this Form, partakes of the Nature of a 
reflecting and of a tefracting Teleſcope, and is of a middle 
Kind between both. 121792 1 5754 

Euphroſ. And therefore, of Courſe, it muſt likewiſe 


| Partake of the Advantages and Diſadvantages of both 


thoſe Sorts of 'Teleſcopes: The principal Imperfection, 
I ſuppoſe, is, that ariſing from RefraCtion through the 
Glaſs W Xt : > 19 2a | 
Clem. You obſerve rightly, my Euphroſyne, that is an 
ObjeCtion that a Catadioptric Teleſcope is liable to; the 
ſecond Image cannot be'formed without a colorific Refrac- 
tion, and therefore cannot be ſo perfect as one that is 
formed wholly by reflected Light *. At preſent, I have 
Z 7 Ne GEE : another 


—— cg 


* N. B. We have thought neceſſary to illuſtrate the Doctrine 
of reflecting Teleſcopes by Figure I. of Plate 48, as it will 
r f greatly 
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What Was delivered on this Subject in a former Dialogue, 
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another optical Inſtrument to deſcribe, which I fancy will 


give: you equal Pleaſure with many of the foregoing, 
eſpecially as it contains, in a ſmall Compaſs, a general 
Praxis of optical Experiments: The Inſtrument I mean 
is 2 new proportional Camera Obſcura. | 

Eupbroſ. It is a pretty Inſtrument, I allow; but how 
does this differ from the common Camera Obſcura ? 
Clean. In three Reſpects: Firſt, in the Form; but 
this is the leaſt of all material. —Secondly, it forms an 
Image in any aſſignable Proportion to the Object, in all 
Degrees below Equality. Thirdly, M igſan's Microſcope 
is adapted to it, for exhibiting a large Image of any very 
fmall Object. 3 * 

Eupbhre. By what you have ſaid, Clhenicus, I ſuppoſe 
the Uſe of this Camera is principally for Drawing. 


leon. That is the chief Deſign of it: As the Arts of 


Deſign and Drawing are very innocent, inſtructive, and 
uſeful, they ought to be conſidered as a Part of the polite 
Education of every young Lady and Gentleman of Ge- 


nius ; and therefore all Helps ſhould be furniſhed for ren- 


dering them eaſy in Practice: And as every Art proceeds 


at firſt from Imitation, ſo do thoſe more eſpecially which 


are relative to Drawing and Painting, and the better 
the Originals are, the more exact and exquiſite will 
be the Improvements that are acquired by copying of 
them; and it is well known, that Nature's Drawings, 


Perſpective, and Paintiog, are in themſelves moſt perfect, 
and therefore ought to be propoſed in the firſt Place for 


Imitation, 


— . — A 


greatly afift the Imagination in repreſenting the Courſe of the 
Rays of Light, by right Lines drawn-in-the Manner as the 
Rays are reflected by the Speculums, and. refracted through 
the Glaſſes, as we could not ſo well give a Repreſentation of 
the Sun- beams paſſing through this Inſtrument in a darkened 
Room, 4s we did for the ſeveral Sorts of refracting Teleſcopes 
in Plate 47 ; alſo in Figure II. we have ſhewn bow the ſeveral 
Pencils of Rays proceeding from the Points of à diſtant Object 
OB are refracted by the Giafles of a common Feleſcope, vl, 
the ObjeR-glaſs x x, and the three Eye-plaſſes a b, p 9. c i, 
ſo as to produce diſlinct Viſion upon the optic Nerve in the 
Eye io the inverted Picture ; by obſerving the Courſe of 
thoſe Rays, or Lines, the Reader will have a better Idea of 
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Imitation. They who do not draw, or deſign, from 
Nature, in effect do nothing, as neither Spirit nor Sub- 
limity can be found in any other Compoſitions: But in 
order to qualify a Perfon to. copy Nature with Art and 
Judgment, he ought firſt to be acquainted with the Na- 


ture and Rules of Perſpective; for Nature, it is well 


known, is all Perſpective to the Eye. If we take a Sur- 
vey of Fields, Gardens, diſtant Towns, &c. they all 
appear to the Eye as if repreſented on a tranſparent Plain, 
placed perpendicular, to the Horizon at a ſmall Diſtance 
from you. | 
Eupbreſ. If then I take you right, Cle:nicus, you mean, 
as yonder Fields and Meadows appear on the Glaſſes of 
this Saſh-window to my Eye, viewing them here in the 
Room? 1 7 
 Cleon. Exactly in the fame Manner, my Euphroſyne, — 
all the Ground beyond the Window, which you lee, 
riſes on the Glaſs plain, and, by Degrees, the Parts 
leſſen to the View as they are more remote, till they-be- 
come very indiſtinct, and gradually diſappear in the moſt 
diſtant Part which you fee, and is called the perſpective 
Horizon on the Window. EH 
Eupbreſ. In what you have now ſaid, you ſeem to have 
deſcribed a viſual Landſcape on the Window. 


F 


Cleon. The common Landſcape is only the ſame Thing 


in Oil-colours on the Canvas, if executed by the Rules 
of Art.——l only take this Opportunity to convince you, 
that all pictureſque Repreſentations of Nature are ſtricily 
limited by perſpective Rules ; and they who do not there- 
fore obſerve them in their Drawings, and Deſigns, muſt 
never expect any Praiſe for their Performances. Now 
as all thoſe Imitations of Nature are a Sort of Miniature- 
p:inting (for the largeſt Landſcape is only a perſpective 
Repreſentation of a large Field of View in a ſmall Com- 
paſs) therefore, in order to facilitate ſuch a Practice, 
Art ſupplies manifold Helps to that End. —A Perſon the 
molt ſkilful in Perſpective, and in the Art of Deſigning 
ſucceeds but ill in Landſcape- painting, without long 
Practice in the common Way, or otherwiſe by having Re- 
courſe to their Aſſiſtance. What I mean regards that 
Variety of artificial Pictures and Landſcapes that are 
made by different Sorts of Glaffes; for you very well 


know, 
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know, that no poliſhed - Mirrour can be expoſed to 2 
Building, or diſtant View, but there immediately reſults 


an extemporaueous Picture of the ſame in true Perſpec- 


tive, if the Glaſs be of a proper Size. 


Euphroſ. This I have oſtentimes, with the higheſt 3 


Pleaſure, ;obſerved, and I think nothing can compare with 
the Beauty and Perfection of thoſe Landſcapes that I have 
ſeen formed by large convex Speculums.— Thoſe Pictures 
which you ſhewed me in the darkened Room, ſome Time 
ago, ate of the ſame Kind, but inverted.—— In ſhort, I 
often amuſe myſelf with the pictureſque Appearance of 
Objects, by RefleAiqn'of almoſt every Kind of.Glaſs that 
comes in my Way. | 204317 

Cleon. As thole Glaſſes give ſo juſt and artificial a 
Repreſentation of any particular View of Nature, they 
have been much uſed in thoſe Sorts of Inſtruments called 
portable Camera Oòſcuras, becauſe in them the Artiſt can 
eaſily obſerve the true Diſpoſition of all the Parts of the 
Piece be intends to draw, the Contours or Out: lines of 
the Figures, the perſpective Diminution, the Ciareſcuro, 
or the Light and Shades, with every other Citcumſtance 


neceſſary to be obſerved in forming the perfect Picture. 


But after all, this Inſtrument is not perfect in a principal 
Particular which I mentioned to you before, and that is, 
the Artiſt, by a common Camera, cannot draw any. parti- 
cular Building, or other Object, in a given Proportion 
of Magnitude, as is often required ; and therefore I have 
contrived this, which you here ſee, to ſupply that Defect. 

Euphroſ. By what Means is this effected? I ſhould be 
glad: to find myſelf capable of underſtanding the Reaſon 


of it. 415 57 
OCleon. That Iwill endeavour to ſhew you by Experi- 
ment. When Objects are at a very great Diſtance, or 


fo remote, that the focal Diſtance of the Glaſs bears no 


Compariſon to their Diſtance, then -the Image or Pic- 
tures. of thoſe Objects are formed in the Focus of the 
Glaſs, and bear no ſenſible Proportion of Magnitude to 
the Objects ;——But'/in Cafe of Objects near at Hand, 
their Pictures become larger, and will bear a ſgnfible Com- 
pariſon. with the Object, viz. the Proportion of their Di- 
ſtances from the Glaſs, all which T have formerly obſerved 


30 you, and ſhewed you by Experiment, 
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Eupbroſ. I remember you did; and I can eaſily under- 
ſtand, that as the Object approaches the convex Lens, the 
Image will recede from it; for as the Diſtance of the 
former decreaſes, ſo that of the latter will increaſe,” and 
the Size of the Image will alfo increaſe along with it: 
And according to this Doctrine I can eaſily conclude, that 
the Diſtances of the Object and the Image may at Length 
become equal, and that confequently they themſelves will 
become equal alfo ; but what the Ratio of theſe Diſtances 
is, for any given Proportion of the Object to the Image, 
I preſume the Learned only can know. „ 
Cleon. I can eaſily ſupply you with a Rule for deter- 
mining the ſame; but as it will be different for every 
different Sort of Glaſs, I ſhall not pretend to trouble you 
with it, having put it in your Power, by Means of this 
Inſtrument, to form the Image for any Object equal in 
Magnitude to the Object itſelf, or in any Proportion leſs, 
at Pleaſure, from one to a hundred Times. — One Thing, 
however, I think is a Matter of ſome Curioſity, and 
therefore proper you ſhould know, viz. that when an 
Image and Object are equal, their Diſtance from the Glaſs 
being alſo equal, will be juſt double the focal Diſtance of 
the Glaſs.—— Thus, ſuppoſing the focal Diſtance of a 
Glaſs was nine Feet in a ſcioptric Ball and Socket, 
placed in the Window-ſhut of a dark Room, then if you 
were to place yourſelf before the Window, at the Diſ- 
tance of eighteen Feet, a Perſon in the Room will fee 
your Face of the fame Magnitude as it really ie, on the 
Screen at the Diſtance of eighteen Feet from the Win- 
dow. in the ſame Manner, if the Glaſs were but ten 
Inches focal Diſtance, any Object placed before it, at the 
Diſtance of twenty Inches, would have the Image form- 
ed on the Screen at the Diſtance of twenty Inches from 
the Window ; and this is the Caſe of one of theſe Glaſſes 
which belongs to this proportional Camera Obſcura, 
which being ſcrewed on in the Front of the Box, and 
being then drawn out to the Diſtance of twenty Inches, 
marked on a proper Scale, whatever Object is placed be- 
fore this Glaſs, at the Diſtance of twenty Inches, will 
have its Image formed on the Glaſs of an equal Size with 
the Object. | | 


254 THE YOUNG GENTLEMAN 
Euphroſ. Let me try that Experiment with my Snuff. 


| box, which I will place in an advantageous Light : — 


Now let me draw out the Glaſs to the Diſtance of 20 
Inches, —and then I move it forward and backward till ! 
fee the Image perfect; and then, as you obſerve, I 
fee the white enamelled Lid, and the whole Box juſt of an 
equal Size. | 

Clean. Then there let it reſt, till I meaſure the Diſtanc 
with this Rule, —which, you obſerve, is juſt 20 Inches 
from the Glaſs to the Box, the ſame as the Diſtance of 


the Image. — And hence you ſee how eaſy it is to draw 


any Object, not larger than the Glaſs, of an equal 
Bulk. 5 


Euphroſ. On the Right-band Part of the Copper-plate 


Paper, on the Drawer, is a double Row of Figures appo- 
ſitely placed by the Scale of Inches; pray, what do they 
denote ? l 

Cleon. They ſhew the Proportion of Magnitude between 
the Object and the Image when formed on the Glaſs, 
when the Drawer is mexed or ſet to any of thoſe particu- 
lar Numbers: Thus, for Inſtance, if I move it to the 
Number 5 or 10, then is the Glaſs 16 Inches and 55 
from the End; and whenever an Image in that Situation 
is formed in the Glaſs, its Size, or Dimenſion of Length 


and Breadth, will be to thoſe of the Object as 10 to 15 


Eaphroſ. After the fame Manner, I fuppoſe, if I more 
the Drawer to 15 Inches on the Scale, the Outlines of the 
Image then formed on the Glaſs will be to thoſe of the 
Object in Proportion as 10 to 20, or juſt half as big. 

Cleen That is the very Thing; you there repreſent 
the Object of half its natural linear Dimenſions. 

Euphroſ. But | obſerve in that Scale, the Proportions 
go no farther than of 30 to 10. 
_ Cleon. It is true; when the Drawer is moved quite 
home to the Numbers you mention, the Length and 
Breadth of every Image on the Glaſs is juſt 5 Part of 
that of the Object, — and this is as far as we can conve- 
niently go with a Glaſs of 10 Inches focal Diſtance :— 
But now, if we take that out, and place in atiother Glaſs 
of 15 Inches focal Diftanee; then with that we can form 
an Image in any Proportion leſs than the Object, from 
that of 3 to 2 Part. 


1 nt A 
"-. 
REP 


Co; 


AND LADY's PHILOSOPHY. 253 


Eupbroſ. For this I obſerve you have a Scale on the 
Left hand Side of the Paper, — and that when the Drawer 


is moved quite out to 20 Inches, the Proportion is then 


as 1 to 3.— If I move it to 18 Inches, the Proportion is 
that of 1 to 5. — Again, 16 Inches and + gives the Pro- 
portion of 1 to 10; and thus, I obſerve, by moving it to 
the ſeveral Numbets ſucceſſively on this and the other 


Scale, I can form an Image in any aſſigned Proportion leſs 


than the Object, by uſing the proper Glafles, which, on 
many Occaſions, mult be very convenient. - / 

Cleon. The young Artiſt will always find Occaſion for 
drawing of Objects leſs than the Life, and oftentimes 
of a given Size, whieh he may do by this Camera as well 
as by any other, and bave the Pleaſure of ſeeing at the 
ſame Time the Proportion between the Image and the 
Object: But of this I have ſaid enough to give you a 
clear Idea of the Nature and Deſign of the Inſtrument, 
and ſhall now leave it with you to render the Uſe of it 
more familiar, by Practice, and to make it a Part of your 
Amuſement at leiſure Hours“. | 
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Concerning the TRANSIT of the Planet Venus, and 
its ERES from the Sor.ar Disk, on Jutie he 
6th, 1761, in the Morning; together with ſome 
CALCULATIONS relative lo the ELEMENTS of- 
her ThtoRY. Alſo of the SATELLITE ſuppoſed 
to attend her. 


_  Eupbroſyne, 


A TE Length, the long expected Morning came, and 
A the univerſal Phænomenon viewed to greater Per- 
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„thought it not neceflary here to ſay any Thing, of the 
Uſe of the Sar Microſcope, ſinee that will not be difficalt to 
any one acquainted with that Inftrument already ſo fully de- 
ſeribed. This new portable Camera Ob/cura is ſhewb in Fig. 
1. of Plate I, | 1 
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fection, than could be expected from the Weather ſo; 
many preceding Days. ——— Well, I cannot but ſay, I 
viewed the glorious Spectacle with more exquiſite Pleaſurs 
and Satisfaction, than ever F beheld any other Objed in 
the whole Circle of the Creation; add to other admiring 
Mortals, as well as myſelf, I make no Doubt but ſhe ap- 
peared more deſirable and eligible in her ſable Dreſs, than 
when arrayed with all the Splendor of the Morning. 
Phoſphorus and Hefperus are indeed moſt glorious Con- 
traſts of what ſhe appeared this Day upon the Sun :—— 
Diveſted of all her uſuał Radiance, ſhe ſhewed herſelf 
in the natural Simplicity of a dark, or opake Planet, 
—— ſo large, ſo black, ſo perfectly round, and uni- 
form in her Motion, that ſhe anſwered perfectly to al 
the Ideas of ExpeQations that had been formed from eve- 
ry Prediction of this great Event.——— And fince ! 
have had the Pleaſure of obſerving this Phænomenon, I 
muſt deſire you to give me ſome Account of the ſame, and 
how you apply it to the Uſes you formerly mentioned to 


me. 


favourable ; the riſing Sun would have been an acceptable 
Sight; but this was not permitted to us at London, though, 
in many Parts of England, they had the SatisfaCtion of 
viewing it the whole Time.——However, we had, as if 
for the Purpoſe, a clear Sky, for obſerving the critical 
Moment, which was that of her Egreſs, or Emerſon 

from the Sun's Diſk: Which gave us a fair Opportunity 
of obſerving, to nearly a Second of Time, the Moment 
when ſhe touched the. Limb of the Sun internally and 
externally, and thereby to determine the Space which ſhe 
paſſed in her viſible Path during the Time of her Egreſs: 
Which Space, were it accurately aſcertained, would be 
of the greateſt Conſequence for ſettling the principal Eli. 
ments in the TyEoRy of this Planet's Motions. 

Euphroſ. I do not then wonder that you and ſeveral 
other Gentlemen were ſo very attentive to that Particular, 
and that you were ſo very buſy with your Watches in ob- 
ſerving thoſe Moments of Time. But were you ſure 
that your Watches were perfectly right, or that they 
ſhewed the Time of thoſe Incidents truly? | | 
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Cleon. The Morning, upon the Whole, proved very 
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Cleon. They were adjuſted by Regulators the Night 
before; but whether they were exact as to what the A- 
ſtronomers call the mean Time, was not ſo much the 
Queſtion here; the principal Thing, in regard to the 
Time, was the Diviſion of it into Seconds; for by this 


Means we could obſerve, nearly to a Second of Time, the 


Moment that the Planet touched the Sun's Diſk inter- 
nally, and alſo the external Contact, within a few Seconds. 
Now, if you remember, I told you that Venus at this 
Time very accurately deſcribed four Minutes of a Degree 
in an Hour, or 60 Minutes of Time, and therefore one 
Minute, or 60 Seconds of Motion in each Quarter of an 
Hour, or 15 Minutes of Time; which is at the Rate of 
four Seconds of a Degree for a Minute, that is, 4” for 
every Second of Time; from whence you muſt obſerve, 
that a few Seconds of Time in the Duration of the E- 
merſion will produce no ſenſible Error in the Space de- 
ſcribed by the Planet in that Time. | 
Euphreſ. I farther obſerve, that you were not a little 
anxious about the Size or Dimenſions of the planetary 


Spot, and that you took Notice in particular how far it 
ell ſhort of the Number of Seconds which Dr. Halley 


gave it in his Diſſertation. | | 

Cleon. This is another Point of no ſmall Importance 
towards perfecting the Theory of this Planet, as without 
it no great Uſe could be made in Calculations depending 
upon the exact Time, or Space deſcribed in the Emerſion, 


3s I ſhall illuſtrate to you more particularly in a very large 


Diagram. by- and-by, which ſhall be a Repreſentation of 
the Sun's Diſk 8 Feet in Diameter, and that of the Planet 
3, Inches, by which every Thing relating to thoſe Parti- 
culars will be evident by Inſpection.— Dr. Hailey made 
the Diameter of this Planet 75% whereas ſhe appeared by 
our Meaſurement not to be 60%, I had prepared an In- 
ſtrument for meaſuring the Diameter of the Planet with 


the greateſt Exactneſs, but found it was impoſſible to 


apply it in a public Company. 


Euphroſ. By theſe Obſervations you can aſcertain the _ 


Ratio of the Diameter of the Planet to that of the Sun ? 
Clean, Yes, pretty nicely ; for Dr. Halley gives 31' 51”. 

or 951“ for the Diameter of the Sun: But by meaſuring 

t very accurately by the Micrometer, a few Days after 
Vol. II. 88 5 a8 
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the Tranſit, I could not make it leſs than 32' or 960” ; 


and ſuppoſing that of the Planet was nearly one Minute, 
their apparent Diameters were to each other as 32 to 1.— 
By this Experiment of the Tranſit, we find how much 
more accurately the Planets are to be meaſured when di- 
veſted of their Luſtre or Radiance. | 
Euphroſ: I remember you told me heretofore, that 
this Planet was near as big as the Earth; but ſince you 


have now found her Diameter leſs than was uſually efti- | 


mated, I ſuppoſe ſhe will ſhrink to a leſs Bulk, and we 
ſhall now have a greater Superiority over that Planet in 
regard to Magnitude than was heretofore ſuppoſed. 

Cleon. Les, ſhe now dwindles very much indeed; the 
Magnitudes of all Bodies, viewed at the ſame Diſtance, 
being in Proportion to the Cubes of the Diameters : Now 
the Cube of 75 to that of 60, is as 412 to 216, and 
therefore the Planet is, by this Obſervation, reduced to 
nearly one half of its former ſuppoſed Magnitude, or to 
little more than half that of the Earth, and muſt now be 
reckoned the leaſt of all in the Heavens but one, viz. 
Mercury; whereas, heretofore the Planet Mars was 
thought to be ſo.—— However, her Magnitude is ſo very 
conſiderable, that, in regard to her Vicinity to the Sun, 
ſhe makes the moſt reſplendent Appearance, and has al- 
ways been regarded as the moſt beautiful of all the pla- 
netary Syſtem, inſomuch, that the Gop Ess of BEAUTY 
herſelf was honoured with her Name. 

Eupbroſ. This Phznomenon of the Tranſit of Venus is 
looked upon as a great Curioſity, I ſuppoſe, on Account 
of its happening ſo very rarely; but what may be the na- 
tural Reaſon, or Cauſe of this, I ſhould be glad to know, 
Cleonicus, | 53 | 

Cleon. You will eaſily perceive the Reaſon of it, when 
you recolle& what I have ſaid concerning the Limits of 
ſolar and lunar Eclipſes, and eſpecially if, with that, we 


. conſider the Smallneſs of Venus's Diameter compared to 


that of the Sun, and the long Intervals between the Con- 
junctions of this Planet which produce a. Tranſit ; and, 
laſtly, the great Proportion which the Velocity of the 
Earth bears to that of Venus in her Orbit. — put 
to be more particular: You are to conſider, (4.) That if 
Venus was to move in an Orbit in the Plane of the 
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Ecliptic, ſhe would then appear to paſs over the Face of 
the Sun in every inferior Conjunction, which would be 
in the Space of one Year and 8 Months nearly. (2.) 
But the Orbit of Venus does really make an Angle with 
the Ecliptic of nearly three Degrees and a half, and there- 
fore the Orb of the Planet cannot poſſibly be ſeen on the 
Sun, unleſs ſhe happens to be within a certain Diſtance 


of the Node at thoſe Conjunctions; and though the In- 


clination of the Planes of the Ecliptic and her Orbit be 
ſo ſmall, yet, on the Account of the Smallneſs' of her 
Diameter, the ecliptic Limit on either Side the Node 
would be ſomewhat more than four Degrees, if ſhe were 
to be viewed at thoſe Conjunctions from the Earth at 
reſt. (3.) But the Earth and Planet being both in Mo- 
tion, and fince Venus moves at the Rate of four Minutes 
infan Hour, and the Earth 2' 28” per Hour, their Velo- 
cities will be in Proportion as 240 to. 148, the Difference 
of which is 92”: And on this Account the angular Mo- 
tion of Venus from the Ecliptic (as viewed from the 
Earth in Motion) will be increaſed in the Proportion of 
240 to 92; and therefore will amount to near eight De- 
grees and a Half: Hence, as her viſble Path makes fo 


great an Angle with the Ecliptic, the Limits of the 


Tranfit will be greatly contrafied, or will not amount 
to more than one Degree and three Quarters on each 


vide the Node, inſtead of 4 Degrees and Z, as before. 
fe 


From hence it will appear, that Venus and the Sun muſt 
be very near the Node at the inferior Conjunction, for 
any Tranſit to happen: And of Courſe, ſince (gthly) 
the Intervals of theſe ConjunQtions are ſo great, the 
Chance of the Sun's being within the Tranfit-limic 
when Venus comes round to the Node, is conſequently 
very great alſo; and therefore it will appear, upon all 
theſe Accounts, that Venus can be very ſeldom ſeen upon 
the Face of the Sun. But I ſhall take Occaſion to illu- 
irate theſe Things, by a large Diagram, at another Op- 
portunity. ; | | 
Euphroſ. You will by that much oblige me, though 
can very eaſily apprehend the general Reaſon of all that 
you. have now ſaid, from the aſtronomical Principles 
which J have heretofore received from your Inſtructions. 
— hut now, Cleonicus, let me know what kind of 
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_ Uſes you intend to make of your Obſervation on the 
. 5 | 
Cleon. As the Beginning of the Tranſit could not be 
obſerved in England, the great or general Deſign, viz. 
of making a proper Eſtimation of the Parallax of the Sun, 
could not be pretended to, this muſt be left to a Compa- 
riſon of many Obſervations that are made in very diffe- 
rent and diſtant Places, where the Parallaxes of Longi- 
tude and Latitude favour that Deſign in the greateſt De- 
gree; and this will be a Work of ſome IL'ime. But 


Wl when all the Obſervations that have been made here, with | 
1 proper Degrees of Accuracy, are compared, the Poſition 1 
i of Venus's viſible Path upon the Sun will be nearly aſcer- \ 
1 - tained : Alſo her viſible Latitude at the Conj unction, and F 
= Place of the Node, will be deducible from thence, which 
4 are Points of the utmoſt Con ſideration to be ſettled in the t 
4 Theory of this Planet's Motion. I have prepared a Dia- 8 
if gram that may ſerve to give you ſome Idea of what [ 

3 mean relating to theſe Subjects: That Part of the Sun : 1 
5 on which the Planet appeared to us, let us ſuppoſe to be 4 
11 repreſented by HLIMN *, the Center of the Sun 8, 

1 MH a Part of the Eclipſe, and CD the true Path of the 2 
a; Planet as viewed from the Center of the Earth, parallel tt 
5 to which is the Line SK, making an Angle with the in 
141 Ecliptic HSK of 8 Degrees and 28 Minutes, the Angle 
i of Yenus's apparent Motion, which I juſt now mentioned fo 
1 unto you; and let APVB repreſent the Curve-line Path ab 
} of Yenus's vifible Motion on the Sun's Diſk. | O 
11 Euphroſ. I ſhould be glad, Cleonicus, if you would tell pa 

45 me why the viſible Path is not a ſtrait Line, as well as the or 
| 1 | true Path CD. | 
34 | Cleon. The Reaſon of that you will underſtand as ſoon du 
xi as you conſider, that the Difference between the true nic 
4 and apparent Place of the Planet is occaſioned by its Pa- tw 
rallax, as I have formerly ſhewn you, and which Paral - rat 

lax, depreſſes the Planet below its true Place, and more Lit 

ſoin Proportion as the Planet is farther from the Zenith, wil 

or nearer to the Horizon; and conſequently when the the 


Planet 
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Planet appeared in the Horizon at A at Sun-riſing, it was 
then depreſſed below the true Path at C by the whole 
Quantity of the horizontal Parallax, which is more than 
40“: But as the Planet advanced on the ſolar Diſk, and 
the Sun grew higher above the Horizon, the Quantity of 
the Parallax in Altitude did conſtantly 
therefore the Planet's apparent Diſtance from its true 
Path muſt be always decreaſing likewiſe as it pafſes from 
A to D, and thatin ſuch a 3 as to occaſion the vi- 
ſible Path to be in ſome Degree a Curve · line; ſo that 
when it came to touch the Sun's Limb internally at (a) 
when the Diſtance of the Sun from the Zenith was about 
41, then the Parallax in Altitude was but about 30% 
and therefore the apparent Diſtance from the true Path at 
the Egreſs was more than one fourth Part leſs than at 
Sun-riſing. | 

Euphroſ. You have ſatisfied me in this Particular; and 


I think in your Diagram the Planet makes the very ſame 


Appearance as fhe did on the real Diſk of the Sun. 
Cleon. It is drawn pretty nearly in the ſame Proportion 
as you then ſaw it on the Paſte-board Screen; yau obſerve, 
the Planet is here placed ſo as to touch the Sun's Limb 
internally and externally at (a) and (c). 1 
Euphroſ. This, I preſume, I can conjecture the Rea- 
ſon of; for I well remember, you were often ſpeaking 
about the Method of determining the Poſition of Venus's 
Orbit, from an Obſervation of the Time in which ſhe 
paſſed from (a) to (c), or the Time of the entire Epreſs 
or Emerſion from the ſolar Diſk. | | 
Clean. It is true, my Zuphroſyne, this was what in- 
duced me to be more than uſually curious, and anxious in 
nicely obſerving the Moment of Time for each of the 
two Contacts; becauſe that Time, if it could be accu- 
rately defined, would give the Length of the Space or 
Line (a c), then if we draw the Line 8 4 and 8 «< there 
will be formed an oblique Triangle a 8 c, in which all 
the three Sides are known, ſuppoſing the Diameter of 
the Sun and Planet to be exactly determined by a Micro- 


meter. If then we continue the Line c a to F, where it 


meets the Perpendicular S F, from the Sun's Center, the 
Diſtance of the Point F from @ and c will be known, 
from Principles of plain oo gonometry, therefore _ 
We, | the 
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the Diſtance of F 5, which is juſt half the Length of 
the Chord, or parallatic Path of Venus upon the Sun: 
Hence, therefore, the Time of deſcribing that Chord 
would be known; alſo from hence the viſible Conjunction 
S P will be likewiſe known, and alſo the Point of the 
Ecliptic to which the Line B F tends, or Place of the 
Node will likewiſe become known: And when, from 
Obſervations made abroad, it ſhall be known what the 
true Quantity of Yenus's horizontal Parallax is, then E F 
will be alſo known, which is the Difference of the true 
Path from the viſible One, and therefore its Poſition will 
be known alſo. —— But it muſt be confeſſed, that 
Matters of ſuch great Nicety and Importance ought not 
to be truſted to, or made to depend upon one ſingle 
Obſervation, but ought to be deduced from all that are 
made of the Planet while it was ſeen on the Diſk, but 
principally thoſe which relate to the Time of the Egreſs, 
and the perpendicular Diſtance of the Planet from the 
Limb of the Sun, at different Inſtants of Time, during 
the Tranſit. ——— Therefore, at preſent, we muſt be fa- 


tisfied to have only a general Notion of theſe Matters, 


and muſt poſtpone the farther Conſideration of them to 
a future Opportunity, that may furniſh us with freſh 
Materials for proſecuting this Subject in a more extenſive 
Degree. ms 
Euphroſ. But what is your Opinion, Cleonicus, con- 
cerning a Satellite's attending this Planet, which has been 
of late ſo much the Subject of Converſation, and which 
ſome of the Gentlemen preſent apprehended they faw on 
the ſolar Diſk ? | 
Cleen, A Man's Opinion in ſuch Caſes avails little or 
nothing; but this I know, that what the Gentlemen 
took for a Satellite in the Sun was only a ſolar Spot, and 
it is certain that what was publiſhed in the common 
News-papers was the ſame Kind of Miſtake; for the $a- 
tellite having a ſimilar Appearance with that of the Pla- 
net, viz. perfectly black and circular, and withal fo large as 
to equal the fourth Part of the Planet's Diameter, muſt 
neceſſarily have been very eaſily ſeen on the Sun's Diſk, 
had any ſuch Thing been there; and farther, as the 
Diſtance of this Satellite is ſuppoſed not to exceed 50 Se- 
mi-diameters of its Primary, it is very certain, as 5 bas 
een 
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been obſerved to move in a Circle directly before the Eye, 
it muſt neceffarily have been obſerved on the Face of the 
Sun, unleſs it happened to be in the lower or ſouthern 
Part of its Orbit.— From the Accounts of Mr. Ca/- 
font, Mr. Short, and now of theſe French Philoſophers, it 
is very certain there is ſomething that muſt have appear- 
ed about the Planet in their Teleſcopes; but whether it 
be a Satellite of the ſame Nature and Kind with thoſe 
which belong to the Zarth, Fupiter, and Saturn, is a very 
great Queſtion, becauſe of the unuſual. Poſition of its 
Orbit, and of its very feldom and precarious Appearance. 
Were it only an opake Body, like another common 
Satellite, it would, like them, appear at all Times in a 
uniform Manner, more or leſs enlightened, but generally 
in the Form of a Creſcent, like the primary Planet it- 
ſelf; anch as Venus is fo near to the Earth, at her inferior 
Conjuctions eſpecially, it would be impoſſible not to have 
a frequent View of a common Satellite that attended 
her. You muſt, therefore, in regard to this 
Phænomenon, wait for farther Information to ariſe from 
repeated and accurate Obſervations, and, according to 
thoſe which have been already made, the Time for ſert- 
ling the Theory of this Satellite ſeems not to be very 
near: But if ever it comes to paſs, it will conduce not a 


little to the Advancement of Aſtronomy and natural Phi- 


loſophy; for, in the firſt Place, the Astronomy of the 
Secondary Planets will then receive its laſt Perfection, 
for no Satellite is ever to be expected about Mars or Mer. 
cury. And, Secondly, the Power of Gravity in the Pla- 
net Venus can then be known and compared with that in 
the Sun, Saturn, Fupiter, and the Earth; for the Quanti- 
ties of Matter in any two Planete are in a certain Ratio of 
the -periodical Times and Diſtances of the Satellites 
which revolve about them, and conſequently the Forces 
of Gravity which are-proportioned thereto; and that this 
Planet, in her lower Conjunction, approaches ſo near 
the Earth, her Force of Gravity and its Influence on 
the Motions of the Earth and Moon may be looked upon 
as not very inconfiderable, and conſequently the Share 
it has with the perturbating Forces of the other Pla- 
nets and Comets, - introducing Irregularities in the 
Motions of the Earth and the Mien, may then be 
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eſtimated, and conſequently the Theory of theſe Planets 
(the moſt confiderable in the Syſtem) will be thereby 
greatly improved. | 

Euphroſ. Since ſuch great Events depend on a Diſco- 
very of a Satellite about Venus, it is not to be feared, I 
ſuppoſe, that the Vigilance of Aſtronomers will one Day 
or other put that Matter out of all Doubt, and ſatisfy 
Poſterity whether it be a real Satellite, or a mere Ignis 
Fatuus that now amuſes them and perplexes their Curioſi- 
ty. hut what is this Preparation, or Apparatus of 
Globes Orreries, and other Things which I ſee here 
upon the Table? | 

Cleon. "Theſe, my Euphroſyne, are intended to enter- 
tain you with an artificial Tranſit, and not only that, but 
likewiſe to explain, at the ſame Time, the Rationale of 
ſo curious a Phznomenon as far as I can do it by Inſtru- 
ments Alt is a great Satisfaction and Pleaſure which 
the real Tranſit has afforded ſo many thouſand Y:rtuoſi, 
but, I think, that is not enough for you; for it has ever 
been my chieſeſt Care to enliven your Ideas with the 
Rotimal; of them, and then you have the higheſt En- 
tertainment that the Nature of Things affords.— You 
here obſerve three Inſtruments placed on a Right-line, by 
each other, on the Table; that in the Middle, you will 
recollect, is the artificial horo/ogical Globe which I made 
uſe of to explain the Nature and Reaſon of Eclipſes. 

Euphroſ. 1 ſee it is the very fame Globe; but the Ape 
paratus is not the ſame as you then made uſe of. 

Clean, It was neceſſary here to make an Alteration in 
that Reſpect; for now this Globe is to be connected with 
the Orrery, which you ſee on the right-hand Side, and 
with the Tranſit Inſtrument on the Left. 

Eupbroſ. But the Orrery is the fame which you for- 
merly uſed in explaining to me the ſolar Syſtem, at leait, 
ſo far as I can perceive, 

Clean. There is one material Difference, my Euphroſyne, 
in the Structure of thoſe Orreries ;—that which I then 
uſed, moved with Clock-work ; this, which you here x, 
is put in Motion only with a Winch, when uſed by itſelf, 
by which Means it is eaſily connected with, and put in 
Motion by the Globe, by Means of that String which you 
ſee go round the Pulley, f.. | 


TR CC — CC 


AND LADY's PHILOSOPHY. 2865 


EZuphreſ. The ſame String, or ſilken Cord, I obſerve 
goes on the other Side to the Tranſit Inſtrument, as you 
call it, which, as it conſiſts of a Board with a black 
Ground and a large ſilvered circular Plate in the Middle, 
is, I ſuppoſe, intended to repreſent the Sun in the dark 
Field of View in the Teleſcope; I likewiſe fee the ſilken 
Line go over that Part of the ſilvered Plate which Venus 
traverſed on the real Sun; and ſo, I preſume, repreſents 
the viſible Path of Venus on the ſolar Diſk. But where is 
the Planet itſelf, Cleonicus? | 
Cleon. That yon will fee by-and-by :=——You will 
firſt take Notice that, in general, the Motion of the Earth 
will neceſſarily give Motion to the Orrery on one Hand, 
and to the Line over the artificial Sun on the other; and 
that, by this Means, the Planet Venus will appear in the 
periodical Revolutions about the Sun on one Side, and 
exhibit the natural Cauſe of her retrograde Motion and 
Conjunction with the Sun, in the Orrery, at the ſame 
Time that ſhe is ſeen to paſs over the ſolar Diſk, in the 
Tranſit Inſtrument on the other Side.—And, laſtly, the 
Motion of the Earth, the relative Poſitions of its Inhabi- 
tants, and the ſeveral Moments of 'Time for the reſpec- 
tive Phaſes and Circumſtances of the Tranſit, are all ſhewn 
by the Globe. WET: | 
Euphrs/. But if you intend I ſhould have a clear and 
diſtin&t Idea of the complex Effect of this Apparatus, 
you mult be particular in explaining what I am to ſee, and 
have a direct Regard to, in each particular Part of it. 
Cleon. This I will do: And, firſt, with reſpect to the 
Orrery, I will place all the Planets in ſuch Parts of the 
Ecliptic, as they appeared in on the firſt Day of January, 
or the Beginning of the preſent Year, and, when the 
Machinery is in Motion, you will bave a particular Re- 
gard to the Motions and Poſition of Venus and the Earth; 
and, on the 6th of June on the Plate of the Orrery, the 
Planet will come exactly between the Earth and the Sun, 
and from thence the Manner how the real Tranſit is occa- 
ſioned will be eaſily conceived. 
Euphroſ. That I ſhall attend to; but what am I to 
obſerve in the Earth ? | | 
Cleon, The following Things; (1+) In order to adjuſt 
ihe Earth to its proper Poſition. for that Time, I bring the 
| ndex, 
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Index, at one End, to point to the 6th of June, which 
will bring the North-pole of the Earth to its proper Situ- 
ation in the enlightened Hemiſphere. (2.) As the Sur is 
then over the middle Point of that Hemiſphere, I turn the 
Globe till the Meridian of London paſſes through the Sun 
in that Point, and there holding it faſt, I turn the Dial- 
plate till the other End of the Index points to XII a 
Noon. (3.) Then I revolve the Globe backward, *til] 
the Index points to about a Quarter after II in the Morn- 
ing, which was nearly the Time of the Beginning of the 
Tranfit, at Londmm. (4.) Then the Hand of Great Bri- 
ain, and all other Places have their reſpective Situations 
for that Phaſe of the Tranſit. | : 

Euphroſ. I ſuppoſe you mean that any particular Place, 
as it is ſituate in the light or dark Hemiſphere, will be 
able to view, or not to view the Beginning of the Tranſit, 
Thus, for Inſtance, London appears at that Time far with- 
in the darkened Surface of the Globe, and St. Helena till 
more remote from the Circle of Illumination, whilſt, on 
the other Hand, I fee Bencoolen in Sumatra, and all the 
Eaftern Part of the Globe, in the illumined Hemiſphere, 
viewing the Planet entering the folar Diſk, in various Al 
titudes-above the Horizon. 

Clean. If now, in the laft Place, you caſt your Eye on 
the black Ground of the upright Board, you may obſerve, 
on the Left - hand Side of the filvered Sun, a large black 
round Patch juſt ready to enter, and ſhew itſelf on the 
Limb of the Solar Orb. | 

Fuphroſ. Yes; I ſee it now you direct my Eye; but 
before it was ſo much of the Colour of the Board, or ra- 
ther no Colour at all, that I did not perceive it at this Diſ- 
tance. By the braſs Screws on the Side of the 


Board, I ſuppoſe you can adjuſt the Path of Venus to any 


Part of the Sun, or fo as to cut the Ecliptic in any given 
Point, as the Poſition of the Nodes require; and the 
Limb of the Sun being divided into Degrees, the Quanti- 


ty of the Arch at the Ingreſs and Egreſs of the Planet 
from the Ecliptic Diameter of the Sun is eaſily repreſent- 
24. | | „„ 

Clem. You ſeem now to have a juſt Apprehenſion of 
the Uſes and Deſigns of the ſeveral Parts; it remains, 
therefore, now to put the whole in Motion, whieh, 25 
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it is very flow, will afford you an Opportunity of view- 
ing very minutely all the Peculiarities of the Tranſit in 
each ſeparate Machine. — I wind up the Spring, and 
now obſerve the diurnal Motion of the Earth, ——the 
planetary Motions about the Sun, and ihe artificial 
Planet or Patch juſt entering the eaſtern Limb of his 
Diſk. | 


reſpective Machines are now very obvious :———]In the 
Orrery, I fee all the Planets moving in their proper Or- 
bits from the Beginning of the Year; and though the 
Earth be at that Time before the Planet Venus, yet, as 


that Planet follows with a quicker Motion, ſhe is every 


Moment advancing nearer and nearer to a Conjunction, 
till at Length I perceive them both in a right Line with 
the Sun, on the 6th Day of June, on which Account, as 
ſhe is then ſo near the Node, ſhe is there ſeen to paſs 
over the Face of the San; and as ſhe is then deſcnbing 
that Part of her Orbit between the Earth and the Sun, ſhe 
muſt neceſſarily appear to have a retrograde Motion, and 
enter the Sun's Ditk on the eaſtern Side, as, I well re- 
member, you ſhewed me in a former Leſſon on theſe Sub- 
jects : all which gives me a clear Idea of the aſtronomi- 
cal Rationale of this famous Tranſit. — Then, with 
regard to the Earth, I perceive it moving with a dinrnal 
Motion analogous to that of the real Earth. At the 
Beginning of this Motion, the Index points to II o'Clock 
in the Morning, and the Ifland of Great Britain then 
is in the daikened Hemiſphere; and I have the Satisfac- 


tion of ſeeing, in one View, how all the Parts of the 


Earth are ſituated in the enlightened and dark Hemiſ- 
pheres, which gives me a clear Idea of the Times in which 
the Beginning of the Tranſit will happen to all the Parts 
of the Earth where it will be viſible, and of all other 
Parts of the Globe where it will not be ſeen. 

Cleon. Here I muſt interrupt you for a Moment-—— 
you remember chat ſome Mathematicians were ſent abroad. 
to obſerve the Tranſit in diſtant Parts of the World: «heir 
Deſtinations were originally to the Ifle of St. Helena, and 
to that of Sumatra the firſt of which you obſerve near 
10 of ſouth Latitude, aud about 6? 3o' Welt of the 
fe | | Meridian 


Eupbroſ The ſeveral Phænomena you mention in the 
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Meridian of London, and therefore far from the enlight. 


enced Hemiſphere at the Beginning of the Tranſit, inſo- 
much, that they only arrive to it juſt Time enough to ob- 
ſerve the End of the Tranfit in the Morning; nor had 
they any other View al in their Deputation to S. 
Helena, than of viewing the End ofthe Tranſit near the 
Horizon, that they might have the greateſt Parallax of 
Altitude, which in that Caſe would be nearly equal to the 
horizontal Parallax of the Planet. But with Reſpect 
to the Iſle of Sumatra, or Bencoolen, the Deſign was there 
to obſerve the Times of the Beginning and End of the 
Tranſit both, and conſequently the Duration of the 


Whole, in order to compare it with the real Time of 


Duration as obſerved from the Center of the Earth; and 
for this Purpoſe, you fee this Iſland is ſituated moſt ad- 
vantageoufly in the enlightened Hemiſphere z —but, by 
a Paragraph in the late News-Papers, we underſtand this 
great Defign is fruſtrated ; for, by that we learn, that 
thofe who went out in the Sea horſe for that Department, 
were obliged, by ill fated Incidents, to put in at the Cape 


of Good Hope, whoſe Situation, as you ſee on the Globe, 
gt the Time of the Beginning of the Tranſit, is far 
within the darkened Hemiſphere ; and conſequently the 


moſt intereſting and important Part of the Phznomenon, 
and which was their particular Buſineſs to obſerve, was 
wholly inviſftble to them. For as the Cape of Good Hope 
has a greater South Latitude than St. Helena, and a lels 


\ Diſtance from the enlightened Hemiſphere, the Parallax 


both of Altitude and Longitude will be much leſs there, 
and conſequently the Obſervations made at the Cape will 
be of much leſs Conſequence than thoſe at St. Helena, and 
therefore anſwer no Purpoſe at all: So that the Share 
which England is to have in the Diſcovery of the Parallax 
of the Sun is not likely to be great, unleſs any of our Na- 
tion at the Factories in the Indies, for the Honour of their 


Country, or their own Curioſity, ſhould be excited to make 
their Obſervations at the Beginning and End of the Tran- 


fit very nicely. - | 

Eupbroſ. This will be a very 1 Piece of News 
to the curious Part of the Public, eſpecially to thoſe who 
could wiſh to ſee England as renowned for the Improve- 


ment of aſtronomical Science, as by the Succeſs = its 
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Arms, —— By this Time I fee the Brit Ille is juſt 
upon entering the illuminate Hemiſphere, and the Index 
now points to about 4 after II: — But the Cape of Good 
Hope is (till in the Dark. And juſt now I perceive 
the artificial Planet, or Patch, juſt riſing above the Hori- 
zon, and ſo far advanced on the Solar Diſk as it appeared 
to thoſe who had the Pleaſure of viewing that Part of the 
Phznomenon. As the Motion of the Earth continues, 


the Parts of the Surſace are ſucceſſively brought into, 


and carried out of the enlightened Hemiſphere, and 
England, amongſt the reſt, gradually proceeds towards 
the middle Part of its diurnal Arch.—In the mean Time, 
the Planet regularly advances on the Sun's Diſk, 
and is nearly in the Middle of her Path when the Index 
of the Globe points at VI. The Cape now enters 
the Sun- beams, and obſerves the Tranſit more than half 
over, while the Sun is not yet riſen to St. Helena... 
The Earth keeps revolving uniformly upon its Axis, and, 
at length, brings Sz. Helena to enter the enlightened He- 
miſphere, and ſoon after views the End of the Tranſit at 
a ſmall Altitude of the Sun above the Horizon.__-L 
obſerve the artificial Planet to be now much about that 
Poſition of the Sun's Diſk as when I firſt ſaw it through 
the Teleſcope, viz. about ſeven o'Clock in the Morning 
of that memorable Day. The Motion here of the 
Planet, I plainly ſee, is every Way ſimilar to that of the 
real Planet on the Sun's Diſk. The Motion of the Pla- 


net and the Earth being perfectly correſpondent to each 


other, at length the Patch arrives at the weſtern Limb of 
the Sun, and ſhews the internal Contact of the Planet at 
the Time the Index points to a few Minutes after VIII 
in the Morning. And it is very curious now to ob- 
ſetve the artificial Egreſi, which ſeems in every Reſpect 
to bear a proper Reſemblance to that of the natural one. 


——The artificial Tranſit is juſt now at an End, for the 


Patch is now in external Contact with the Limb of the 
dun. The Index of the Globe now points to nearly half 
an Hour after IX, fo that I obſerve the Time of the Egreſs 
nere is about eighteen Minutes, which is the ſame as was 
obſerved of the real one In the laſt Place, I ſee the 
Poſition which our Iſland had on the enlightened Hemi- 
iphere at the Time of the total Egreſs, and alſo the rela- 
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tive Situation of all other Places where that Phznomenon 
could be feen.—— And now, Cleonicus, l muſt acknow- 
ledge that you have, by this Means or Contrivance, con- 
veyed to my Mind as perfect a Knowledge of the geogra- 
phical and optical Principles of the Tranfit, as I could 
poſhbly have from any artificial Machinery, and, for your 
Care and Trouble herein, ſhall ever think myſelf highly 
indebted. | | | = 

Cleon. It ever was, and will be my Study to repreſent 
the various Phænomena of Nature in ſuch a Manner as 
may molt exactly correſpond with the Operations of Na- 
ture itſelf; and nothing will more felieitate my Succeſs 
than the Pleaſure and Inſtruction that may thence re- 
dound to one who is fo dear to me as yourſelf. fear 
I bave, by this Time, proved tedious; but you will 


remember, it is upon a Subject that, like the /ecular 


Games, happens but once in an Age. 


— 3 


DIALOGUE XI. 


Concerning the NaTURE and UsE of BiNoCULAR 
TELESCOPES, 


Cleonicus. 


UR laſt Converſation was a Digreſſion from our 
Speculations on the Nature and Uſe of optical Inſtru- 
ments, But it happened very opportunely to a moſt ſignal 
Inftance of the latter, as I then obſerved to you. IE DRE 
I ſhall now return to the former Subject, which I ſhall 
re-afſume with the Conſideration of the Nature and Uſe of 
Binocular Teleſcopes. We have already largely enough 
deſcanted on the common Conſtructions of this Inſtru- 
ment; but as the Binocular Teleſcope is of a different 
Form, and has a very peculiar Propertv, I thought it 
night be worth while to ſpeculate on the Nature of it for 
xn Hour. A French Author formerly CP. Cherubin) 
had ſo high an Opinion of this Inſtrument, that he wrote 
a large Volume in Folio almoſt wholly upon the Subject; 


; and, 
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and, indeed, ever ſince their firſt Invention, their Effects 
have been greatly admired by all who delight in Optics. 

Euphroſ. If J can judge from the Sound of the Word, 
this Inſtrument employs both the Eyes ; and as I pre- 
fume the Inſtruments you ſpeak of, are thoſe before us, 
they appear to me to be a double Teleſcope, one of the 
refracting, and the other of the reflecting Kind. 

Cleon. You obſerve very rightly in each Reſpect; the 
Binocular Teleſcope confiſts only of the Glaffes of two 
common Teleſcopes, properly adjuſted, to ſhew the fame 
Object to both Eyes. You will readily conceive the 
Deſign and Utility of this Conſtruction, by conſidering 
how great the Advantage of common Viſion by two 
Eyes, is, in Compariſon of that by one only: It hath 
been uſually made an Argument of a moſt obvious Pro- 


vidence, that Animals are in general furniſhed with two. 


Eyes, that they might not be dark with the Loſs of one; 
but we may add to this, the great Pleaſure and Perfection 
of viewing Objects with two Organs of Sight inſtead of 
one: Nor is this at all difficult to be experimented, as L 


make no Doubt you have oftentimes had the Curioſity 


to try. | | 

Euphroſ. I have many a Time tried that Experiment, 
and found the Difference very ſenſibly : The Field of 
View is not only more confined by ſtutting one Eye, 
but the Objects are leſs vivid and bright, and ſeem, as it 
vere, diminiſhed and contracted to the View. 

Cleon. It is all very true that you fay ; but it is very 
oblervable, that the Difference is nothing like fo great to 
the naked Eye as by the Telefcope, where, as we may 
ſay, this very Difference is magnified in Proportion with 
the Objects themſelves ; and this is that very wonderfut 
Effect that J juſt now mentioned, and which fo ſtrongly 
recommends this Inſtrument to all the Curious. f 

Euphroſ. But how are the two Teleſcopes adapted to 
exhibit one Idea of the Object only: One would think, 
that, by two Teleſcopes, we ſhould have two different 
Views of the ſame Object? ae 1 | 

Cleon. The natural Reaſon of this is the ſame as that 
by which an Object appears but one and rhe ſame to two. 
aaked Eyes, notwithſtanding there are two Images formed, 
one in the Bottom of each Eye. For by the wonderful 
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Diſpoſition of the nervous Syſtem, the two optic Nerves 
are united in the ſame Part of the Brain, where the Sen- 
ſations of each Image, or the Ideas which they occaſion, 
are united in one, and ſo preſent it to the common Sen- 
ſory of the Mind; and you will eaſily conceive that the 


Teleſcope, ſingle or double, does not multiply the Image, 


but magnifies it only. The Image in each Eye is ſtill the 
ſame, but only larger; and therefore two Teleſcopes only 
produce two larger Images to the Eyes, inſtead of two 
mall ones, and conſequently the Mind has ſtill the /ng/e 
Idea of the Object, but enlarge. | 
Euphreſ. 1 preſume, this is pretty much a parallel 
Caſe with thoſe who uſe Spectacles; for they, with two 
2 ſee the Object enlarged, but ſingle at the ſame 
une... : | | 
Clan. Your Compariſon will hold, provided the 


Spectacles you ſpeak of are diſpoſed as they ought to be, 


but thoſe of the common Make are not,) viz. when the 


Axis of the Glaſſes are both directed to the Object that 
we view, and there interſect each other: And this is the 
Caſe of the two Teleſcopes which compoſe this Inſtru- 
ment, the Axis of each are ſo directed, by adjuſting 
Screws, as to point to, and terminate in the Object we 
look at; for, in that Caſe, each Teleſcope preſents the 
fame View, enlarged, as we have in ſmall, by the naked 
Eye: Thus, two Teleſcopes, in that Reſpect, have the 
Effect of one, with this important Addition, that the 
Field of View in the Binocular Teleſcope, though really 
the ſame as in the ſingle one, is yet ſeemingly vaſtly en- 
larged, at a greater Diſtance, ſhewing the Objects more 
ſtrong, bright, and perfect, than they uſually appear; 
which is one of the moſt agreeable and noble Deceptions 
that can be found in any optical Inſtrument, of which I 
ſhall now gratify you with an Experiment, having firſt 
obſerved to you, that while we look through the Inſtru- 
ment, it is neceſſary to turn two Sets of Screws, to adjuſt 
it to the Eye, one which moves the ObjeCt-glaſles, and 
the other the Eye-glaſſes, nearer to, or farther from each 
other, till the Axis of each Teleſcope coincide with 
thoſe of the Eye and nicely meet in the Object. 
In this Manner I have now adjuſted the RefraCting 
Binocular, and now, if you take my Place, you 1 
is 6 8 


AND LADY's PHILOSOPHY 253 


ſee yonder Houſe in the molt agreeable View you ever be- 
held it. F vip <1 „ 2 | 
Euphroſ. I do, ſure enough. I find every Thing 
juſt as yot! have deſcribed it: With both my Eyes 
1 ſee the Field of View, in Appearance, wonderfully en- 
larged': The Appearance of the Houſe more natural, eaſy, 
and vivid. ——— But when I ſhut one Eye, then J ſee 
the very great Difference you ſpeak. of, the Field, as it 
were, ſeems contracted as well as the Objects; and every. 
Thing has a poor and unpleaſant Aſpect in Compariſon 
of the former.———To tell you the Truth, Cleenicus, 
you will, by this Experiment, put me out of Conceit 
with the common Teleſcopes. I can 25 think 
| ſhould reaſon well if I uſed a ſingle Teleſcope inſtead of 
a double one, any more than I ſhould, if I preferred view- 
ing Objects with one Eye inſtead of two—Pray, is the 
Effect nearly the ſame in the Binocular Reſſectors ; 
Cleon. It is there in Proportion heightened, as they 
magnify more than the Refractors: l bave zen thee 
for your View ;—— —— Look now at. the fame , Object 


through them. e e pF Wh 
Euphroſ, Well, this is wonderful indeed: I may 
truly ſay I never knew what it was to view Objects through 
a Teleſcope before. I have ſeen them indeed magnified, 
and thought that was a wonderous Effect; but I ſearce'y 
know how to expreſs the different Senſations which ariſe 
from a Proſpect of the ſame Objects in this compounded 
View :—Here is truly (je ne {gay quit) ſomething inex-, 
preſſibly delicate, grand, and delightful in the Effect of 
this Inftrument!—lt is amazing to me, that every Lady 
or Gentleman of Fortune and Curioſity has not one of 
theſe Binoculars. in their Poſſeſſion 1 
Clion. Vou might be in an eternal Amazement if fuch 
Things were to excite it; the Cafe is fo far otherwiſe, 
that you ſeldom obſerve the Purchaſe of any Inſtruments 
is in Proportion to their Merit and Uſes: Things in com- 
mon Vogue, that give us mo Trouble to underitand their 
Uſe; and which have been made Time immemorial, ate 
moltly the Subject of common Demand; few enquire x 
ter new, or more perfect Improvemeuts - But yet, I 
eannot help wondering a little, with you, that there ate 
not more of thoſe curious Per ans tan we find; ſo ver 
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ſew there are, that I never ſaw but one of thoſe Binocu- 


lar Reflectors, yet, in any Gentleman's Collection of 

tical „ e and yet there 4s nothing i in the Price 
that is ſo very extraordinary, or difficult in its Uſe, that 
might deter People from having them. Eſpecially as to 


the Refrafting Binoculars,” whofe Expence and Uſe are 


both very reaſonable and eaſy.” Of theſe there were no 


Jeſs than three or four of different and very curious Con- 


ſtruction ! in the Mofum of his Grace the late Duke of 
Argy le, 

Bubba. And was IT a Ducheſs, F would ave as ma- 
ny, and every Inſtrument of every Form and Conſtruc- 
tion that could afford me any different Pleaſure and In- 
ſtruction; and I ſhould always look upon thoſe Inſtru- 


ments as the principal Furniture of the choiceſt Apart- 


ments of my Houſe. © © 
Cleon. There is yet andilier optical Witrirncrit, which, 


at our next future Leiſure, I ſhall deſcribe to you; Ind 


though it has no magnifying Power for diſtant Objects, 


is not without a'Variety of Uſes adapted to the Amule- 
ment of Ladies and Gentlemen, and with ane, I dare 
ſay, you? will be 255 9 | 


= 3 
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Shalt'n now orefan? Jh. my Euphn — with a | ſwal 
optical Inſtrument that is not only deſigned ey A- 
muſement, but many confiderable Uſes.. 
"Euphroſ. It makes but a ſmall Appearante, it is true; 


bur the Value and Ufes of Things, in general, depend 
- | Ar 4» very 
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 rery little on their Bull, —Pray, what are the Peculiarities 


of this Inſtrument ? 


.  Gleon. I ſhall relate them to you in Order, and exem- 


plify them by Experiment: One Thing, however, I ſhall 
premiſe with reſpect to the Nature and Conſtruction there- 


of, as it is a Property quite peculiar to this Inſtrument, and 
that is this, viz. thut it gives yon a clear View of diftant 


Olyjeets, without magnifying them at all, and, at the ſame 


Time, it preſents you with a magnified View of Objects near at 
Hand, by a proper Change ot Glaſſes. 5 re MO 
 £Zuphroſ. Pray, what, and how many Glaſſes have you. 

in this [nſtrument? © 


Cleon. There are efſentially no more than to required, 


and thoſe. both of the ſame Form, or Figure, and conſe- 
quently of the ſame focal Diſtance: 
Poſition, they are placed, as you ſee, one at each End 


And, as to the 


of the Inſtrument, and from this Conſtruction you will 
eaſily underſtand the Nature of the Inſtrument, from 
what I, have formerly ſaid of a Teleſcope with two Glat- 
les; for in ſuch a one, you remember, I told you that 


the magnifying Power was in Proportion of the focal Di- 


{tance of the Object · glaſs to the focal Diſtance of the Eye- 

| Tallogwent one Glaſs is to be con- 
ſidered as the Object-glaſs, by which an Image is form- 
ed; the other, as an Eye-glaſs, by which it is viewed; 
but ſince theſe Glaſſes have an equal focal Diſtance, the 


Image will be equally diſtant from either Glaſs, and con- 


ſequently there can be no magnifying Power at all 


with reſpect to diſtant Objects: For the Image will ap- 
pear under the ſame Angle to one Eye eg to the 


Glaſs, as the Object does to the other naked Eye, and 


therefore they mult appear equal, as you will find by Ex- 


periment. © 


- Euphroſ. Pray let me try that Experiment. I 


will place myſelf on this Side of the Room, and look on 


the Saſh- window on the other Side, and ſee how the 
Quarries appear, in the Manner you formerly directed 


me by viewing it with one Eye applied to the Glaſs, and 
the other without it.. And now I perceive the 
Truth of all you fay——Each Quarry in the Window 
is of the ſame Bignels in the Iuſtrument as to the naked 


Eye, and, by properly removing it, I make the whole 
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Frame in the Image exactly coincide with the Appearance 


of the Window itſelf to the naked Eye: Which, there- 
fore, fully proves that the Image and the Object are equal 
to each other. | | * 
Clean. Tou will farther obſerve, that in the Conſtruc- 
tion of this Inſtrument there is a Screw and Cell in the 
middle Part, for another Glaſs; which is to be of the 
ſame focal Diſtance with the other Two, whoſe Uſe is to 
render the Field of View more perſect towards the extreme 
Part; by which Means the Eye may be applied nearer, 
and view. the Object to much greater Advantage — 
You will ſatisfy yourſelf by the Experiment: For I have 
now put in the third Glass. 


Eupbrof. it is really fact: The Images of all Objects 


that I view, appear in an enlarged, and a much more 
rfect Field, even to the extreme Circumference ; this 
Glaſs is a great Addition to the Diſtinctneſs and Perſec 
tion of the Inſtrument. — hut it is ſomething of 
a Paradox to me, that a Glaſs, which, in itſelf, has ſo 
conſiderable a magnifying Power, ſhould yet, when 
2 in the Inſtrument, appear to have no Effect of that 
ind. 4 oY . 
_  Cleon. Optical Glaſles, applied in different Circum- 
ſtances, will have different Effects; its Diſpoſition in 
the Middle of the Inſtrument gives it no Power of mag - 
nifying, but only of perfecting the Field of View. 
Eupbroſ. The Image I obſerve is inverted ; but that, 
I preſume, is no Obſtruction to the Uſes you would make 
of this Inſtrument : But, as it neither magnifies nor 
114% "Wiki I ſhall be glad to know wherein the Uſes of it 
Conult. | ee 
Cleon. That I ſhall now particularize to you. lt is 
therefore to be obſerved, that ſince the Object and the 


Image appear under the ſame. viſual ' Angle, that Angle 


may be eaſily eſtimated, or meaſured by this Inſtrument, 
by adapting a MicROMETER to the middle Part, where 
the Image is formed in the common Focus of both the 
Glaſſes, which Micrometer may be made of many diffe- 
rent Forms, viz. (1.) With a Screw having very fine 
Threads, or (2.) by Means of parallel or equidiſtant 
Lines drawn on a circular Piece of plain Glaſs very near to 


| each other; or, (3.) by two Hairs moving parallel to each 


other 
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ether in a ſmall braſs Frame placed in the middle Part of 
the Inſtrument. | 
Euphroſ. How, by Means of theſe Micrometers, you 
meaſure a viſual Angle, be pleaſed in the next Place to 
explain to me; for, as yet, I am not acquainted with theſe 
Inſtruments of Meaſure. | 
Cleon. A MicROMETER is an Inſtrument of great 


Uſe in the nicer Computations of Aſtronomy, which 
- concerns the Magnitudes and Diſtances of the heavenly 


Bodies: But, in the Uſe of this Inſtrument, great Ex- 
actneſs is not required; and therefore a Micrometer made 
of a Screw will anſwer this general Purpoſe as well as 
any, and will be more ſimple and leaſt expenſive of all 
others; and a Screw that has forty Threads in an Inch will 
be ſufficient for this Purpoſe. Then, if the focal Diſ- 
tance of the Glaſſes be one Inch, the Angle, which is ſub- 
tended by the Interval between two of thoſe Threads, 
will be 1* 26, and two will ſubtend an Angle of 27 52% 
and 3 Threads will ſubtend an Angle of 4 18/, and fo 
on; the Angles and their Subtenſes being very nearly pro- 


portional, when very ſmall, and therefore, by obſerving 


how many of thoſe Threads of the Screws the Image of 
any Object occupies, it will be known from thence what 
the Quantity of the optic Angle is under which it ap- 
pears :>— —And if a Screw has a greater Number of 

hreads to an Inch, as ſuppoſe 60 or 80, the Accuracy 
of the Inſtrument in meaſuring the optic Angle will be 
m ſuch Proportion greater — But though this Uſe 


of the [nſtrument may the leaſt concern you, yet it may 


be oftentimes of great Importance to thoſe who are con- 
cerned in meaſuring the Angle under which diſtant Ob- 
jects appear, which are generally very ſmall, in order to 
form a Calculation, or an Idea of their Diſtance, by 
previouſly knowing the Dimenſions of the Object. 
Thus, for Inſtance, by knowing the Number of Feet in 
the Length of the Croſs on the Top of St. Paul's, and 
obſerving, by this Inſtrument, what Angle it ſubtends 
to the Eye, a Perſon will immediately find, by the 
ere of Trigonometry, what Diſtance he is from that 

ject. | 

Euphroſ. This is an Aﬀair of too mathematical a Na- 
ture tor me; there are others, I preſume, more adapted to 
1 3 ">" "oP 
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my Underſtanding, which may afford me ſome Degree of 
ww TIT Treo obo 

Cleon. There are, moſt certainly; the next I ſhall 
mention is one of them, which is, that by Means of this 


Inſtrument we may eafily judge of the comparative, of 


apparent Magnitude of Bodies : For when you would 
compare the apparent Magnitude of any two Objects, 
ou only move the Inſtrument in ſuch a Manner, as ſhalt 
robs the Image in each Object ſucceſſively upon the 
Threads of the Screw, and then obſerving how many of 
thoſe Threads are occupied by each. Thus, for Example, 
if the Image of one Object was equal to the Diſtance of 
two 'Threads of the Screw, and another meaſured three 
Threads; then their apparent Linear Dimenſions would 
be in proportion as 2 to 3, and their Surfaces in Propor- 
tion to the Squares of thoſe Numbers, viz. 4 to , and 
their Solidities as the Cubes, or as 8 to 27: And thus the 
tomparati ve apparent Magnitude of all diſtant Bodies may 
IV)). ee 
Euphroſ This, I allow, is a very pretty and jaſtruc- 
tive Uſe of the Inſtrument, as nothing is more common 
than to hear People aſk, How large do ſuch ot ſuch Ob- 


jects appear? whereas, it is impoſſjble to give any An- 


ſwer to ſuch Queſtions, without a Method of comparing 
their Magnitude with that of ſome other OVID that we 
know; which, by what you have now ſaid, I find is very 
' Eaſy to be done by ſuch a Micrometer. © * 
Cleon. Another Uſe of this Inſtrument, equally cu- 
rious and amuling, is, to meaſure the Diſtance of any 
Object without any Skill in Geometry, or the leaſt Degree 
of Difficulty: Thus ſuppoſe you obſerve the apparent 
Image of any Object upon the Threads of the Screw, 
then, if you walk ſo far backward till the Image of the 
ſame Object occupies but half the Number of Threads, 
or if you go forward till the ſaid Image meaſures twice 
the Number as at firſt, in either Caſe you walk juſt fo far 
as is equal to the Diſtance of the Object from your firſt 
Station; for you well know, the appatent Magnitude of. 
Bodies increaſe or decreaſe very nearly with their Diſtances 
inverſely, or, that at twice the Diſtance, they appear twice 
as ſmall; and, at half the Diſtance, they appear twice as 
large. : ; 10 ff... Rs ; ie» 


* 
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Euphroſ. I belive I pretty nearly comprehend your 
Meaning: For, ſuppoſe I was on the Bank of a River, and 
I took, with this Inſtrument, the apparent Magnitude of 
the Body of a Free on the other Side, and then retreat 
from the River, ſo far, till l obſerve the Image of the Tree 
occupy: but one Half the Number of I hreads as before; 
then the Diſtance I have gone back from the Bank will be 
juſt equal to the Width of the River, which by this eaſy. 
Experiment becomes known. 5 


Clean. That is juſt the Thing that I mean; and, in 
like Manner, you may apply it to meaſure the Diſtance of 
many other inacceſnble Objects. Again, another Ulſe- 
of this Inſtrument is to view the Height of an Object, 
when you know the Diſtance from it: For. by knowing 
the Number of Threads in the Screw which goto an Inch, 
you, by that Means, know the Proportion of the Image 
of any Object to the focal Length of the Glaſs; and this 
is the very ſame as that of the Height of the Object to 
the Diſtance you are from it; and therefore you may only 
ſay, as the Number of Threads contained in the focal 
Length of the Glaſs is to the Number of Threads which 
meaſure the Image, fo is the Diſtance of the Object to 
the Height of it; which therefore becomes known with- 
out any farther Trouble. | 

Euphreſ. I his Application of the Inſtrument appears 
not the leaſt conſiderable, to thoſe who underſtand the 
Rule of Three. But you were mentioning ſome other 
Uſes which would be {till more intereſting than theſe, vix. 
luch as relate to viewing Prints, Pictures, Cc. 

Cleon. Theſe Uſes require a Change of Glaſſes in the 
Inſtrument ; for as one principal Deſign hereof is to 
view diitant and perſpective Prints, one of the equal 
Glaſſes at the Eiid muſt be changed, for another whoſe 
focal Di ſtance is longer ; for then that will add a magni- 
tying Power to the Inſtrument : but this is upon duppo- 
tion, that the Print or PiQture that you view, is at a 
Diſtance from you, and in itſelf not very large, or great-. 
er than the uſual Size of Family Pictures. —But 
it the Picture, or Print, bein itſelf very large, and near 
at Hand, as, for Inſtance, upon the Table before you, 
then will the Inſtrument, without any Change of Glaſſes, 
de; ſor iu this Caſe a magnifying Power is not required, 

eee oh | | the 
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the Image filling the whole Field of View, without it; 
znd, indeed, that is the only Rule to be obſerved in all 
Caſes whatſoever, that ſuch a Glaſs be applied as will cauſe 
the Image of the Object to appear as large as the Field of 
View will admit of, and then the beautiful Effects of the 
Inſtrument will appear, viz. a moſt natural and fine 
Relievo of all the Parts; This will be better ſeen by Ex- 
pe iment, than expreſſed by Words. Here, view the 
pat peCtive Print before you on the Table, without chang- 


ng the Glaſſes. 
Euphreſ. It is a fine View of St. PauPs Cathedral, 
J fee at once : — The auguſt Pile riſes to the View, and 
its majeſtic Dome and Croſs appear ſublime in the Air: 
be Pillars all in proper Arrangement and Diſtance, 
and the whole Architecture appears in the natural and 
glorious Conſtruction of the Weſt Front: The ſpacious 
Area, or Court before, appears expanded and in the ſame 
natural PreſpeCtive as if I was viewing it from the adja- 
cent Corner-ſhop in Ludgate-ftreet ;—The- Pedeſlals are all 
erect, and her Majeſty, with the other emblematical Sta- 
tues, appear as natural and vivid as on the Spot. 
Upon the Whole, I think this a ſufficient Proof of the 
8 Uſe of this Inſtrument in viewing perſpective 
rints. 
" Clzon. But you will be eaſily convinced that the ſame 
Glaſſes will not ſuffice for viewing Prints hanging at the 
oppoſite Side of the Room, as the Image will be there 
tag ſmall for all its Parts to appear diſtinctly: For your 
Satisfaction, I will place the ſame View of St. Paul's, 
with a good Light, at that Diſtance, and then you may 
view it with the ſame Glaſs. | | 
Euphbroſ. I do as you inſtruct me -I view it, indeed, 
but not with the ſame Satisfaction as before :——Ir is in 
Perſpective, I confeſs, but the Appearance ſo diminutive 
and indiſtinct, as convinces me, that ſome Degree of 
magnifying is now neceſſary. © 
* Cleon. I will change the Glaſſes, and apply one proper 
for the Purpoſe, and then you will gbſerve the ſame Effect 
_— << 23 
'** Euphroſ. It is very true; the ſumptuous Pile has now 
= ſame Appearance of Grandeur as to the naked Eye.— 
it now let me view a Landſcape, or ſome ſuch large 
Fe ſpective Painting. . „„ net 
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Clean, I will go and invert two or three for this Pur. 
poſe, without letting you know what they are till you 
view them. There is one now ready, can you tell 
me what Part of England you ſee? _ I 

Euphreſ. Yes, that I can without Heſitation : - 1 
muſt neceſſarily conſider myſelf on the Summit of 
Richmond Hill, and there ſurveying the beautiful Scenes 
of the diſtant Country and Villas all below : —The 
perſpective Diminution and tortuous Irregularity of the 
noble Stream; —the Foreſt, Fields, and Lawns, all 
attract the wondering Eye ;:———PByt what a Change 
have you ſuddenly made, from ſo delightful a Scene to 
one ſo ſhocking to human Nature Cathedrals, 
Palaces, and the moſt beautiful Ranges of Houſes, all in 
one confuſed and ruinous View! —Methinks I ſee a 
City all in Commotion, and falling by the tremendous 
Shocks of an Earthquake! This, the efore I am fatis- 
fied, is a View of the terrible State in which Liſbon has 
lately, and oſten appeared, from its moſt inauſpicious 
Situation. — The Scene is again moſt wonderfully 
changed ; the River of a fine and flouriſhing City now 
regales my View; and the glorious Appearance of a 
Bridge, conſtructed with one Arch, makes me fancy my- 


ſelf at Venice viewing the Rialto, ſo famed throughout the 
_ World. ——— Theſe Inſtances of perſpective Views are 


ſufficient. Let me next ſee what is the Effect in viewing 
Portraits and family Pictures. . 
| Clean, I muſt take one down, and put it in an inverted 


Poſition, for the Reaſons I have heretofore mentioned : 


It ſhall be that venerable old Face of your Grandfather, 
of which you have often expreſſed ſo high a Value; for, 
by this Inſtrument, you will ſee how properly, and with 
how much Reaſon you do it: Take a View of it. 

 Euphroſ. Upon my Word, it almoſt reinſtates him in 
Life. _The Face, as it were, ſtarts from the Can- 


vas, and the poor old Gentleman ſeems to regard me 


with ſo natural a Smile, as if he knew me in the near 
Relation, ———his Eyes ſeem lively and percipient, — 
they ſink very naturally under his Brow, ———his Noſe 
properly projects from the Face: in ſhort, his whole 
Mien, or Countenance, is ſuch as plainly beſpeaks him 
a Man of that Sedateneſs and contemplative Diſpoſition 
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for which he was ſo remarkable when living. B 


theſe Experiments, I am fatished how uſeful this little 


Inſtrument is for this Kind of Views—— What other 
Uſes yet remain 2 . TL apa 


Clean. Several: One of which will not a little delight 


ou, I am well aſſured. ——For now, if to the two equal 
Glaſſes I add a third of the ſame focal Diſtance with 
them, and the Intervals of the Glaſſes be reſpectively 
equal to twice their focal Diſtances, then is it fitted for 
viewing, in a peculiar Manner, all Intaglios, or deep cut 
Figures in precious Stones, Seals, c. for then they ap- 
pear juſt contrary to what they are; viz. as Cameos, or 
with a Baſs Relief, as you will eaſily obſerve by viewing 
the Head excavated in this Seal. DB » | 
Euphroſ. This is ſomething very odd, indeed; that 
the Head, which I know to conſiſt of a hollow Cavity in 
the Seal, ſhould now appear with ſo perfect a Relieve 
above it; I ſee every Part of the Head, Hair, Face, and 
whole Buſt, juſt as plain as the Cameo, or Impreſſion on 
the Wax: ——And from the Picture and Buſt, which I 
have often ſeen of Sir Tfaac Newton, I gueſs this to be a 
Repreſentation, in Miniature, of that celebrated Per- 
ſonage. | Ce | | 
Clean. It is, indeed, that venerable Man :—— — But 
the Excellency of the Inſtrument, in this Reſpect, con- 
fiſts not ſo much in the Converſion of a Figure, as to 
enable you to examine the Perfection of Work of this 
Kind; for the Glaſs will, much better than the Wax, 


ſnew you the Care and Skill of the Artiſt in the Execu- 


tion: Nor can you, any other Way, be ſo thoroughly 


ſatisfied of the Value his Performance, or the Eſti- 


mation which it really deſerves. Theſe Glaſſes, there- 
fore are of the utmoſt Service to Engravers, Jewellers, 
c. as well as to Ladies and Gentlemen of Curioſity and 
Fortune, 5 

Eupbreſ. But before we drop this Subject of Intaglios, 
J ſhall be glad to be informed of the Reaſon of fo odd, or 
rather contrary Appearance of the Objecde. 

Cleon. This is one of the moſt celebrated optical Para- 


doxes, and is equally curious and inexplicable ; there is 
ſcarce any thing in the optical Science ſo directly con- 


trary to the known Laws of Optics as this very Phzno- 
| menon : 
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| menon : For it is moſt certain, that the Image formed 


of the hollow Object is ſtil} a deeper Cavity than the 
Object itſelf,” and therefore one would naturally expect 
to ſee the Intaglio concaye in a higher Degree; whereas, 
on the -contrary, it is ſo much more a Cameo, or the 
Relieva in Proportion higher.——In PerſpeRtive, a Semi- 
circle being drawn on a proper Ground, may be made to 
appear as a convex or concave Hemiſphere, at Pleaſure, 
by a proper Claroſcuro, or Diſpoſition of Light and Shade; 
but here, without any Affiſtance of Art, a more won- 
derful Effect of the ſame Kind is produced; not a plain 
Circle, but a concave Hemiſphere is in any Sort of Light 


rape into a perfect convex one.—— The trve phyſical 


Reaſon is as yet dubious among the learned in Optics, 
and it would prove an unentertaining Diſquiſition to 
trouble you with it at this Time. 


Euphroſ. Are there any farther Uſes to which this In- 


ſtrument may be applied : 

Cleon. Yes, of very conſiderable Importance; no In- 
ſtrument being better adapted for ſhewing, to the greateſt 
Advantage, all Kinds of Foſſils, Minerals, Ores, Earths, 
&c. either with a Magnifier that is now on, or others 
that might be placed in its Room :—See the Ore which I 
bave now placed under the Glaſs © 

' Euphref. I do, indeed, view a fine beſpangled Surface of 
ſomething ; but had you not faid it had been an Ore, I 
ſhould not have known what it had been: I ſee the 
metalline Particles curiouſly interſperſed, and incorporated 
with the ſtony Matter of the Ore. l could not have 
thought the Metal had been fo diſtinctly viſibte in its 
natural State as I now perceive it to be. - By the 
Colour I gueſs it to be Silver, as it appears not in the leaſt 
diſguiſed in the Stone: But what gratifies my Eyes 
in the higheſt Degree is, to obſerve the moſt curious Vege- 
tation of the metallic Matter, ——it evidently ſhoots into 


various Sprigs and Forms, in many Places like a- Kind of 


Ramification's and, in others, the Repreſentation of a 

beautiful Foliage. ——Surely, Cleonicus, . this is a very 

rich Piece of Ore, as I ſee it fo very replete with ſilvet 

Particles, over all the Surface expoſed to View, 

| Cleon, It is ſo fich, my E:phroſyne, that one Pound of 

this Ore contains near four Uunces of Silver. But 
5 f | now 
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now I will place under the Glaſs another Sort of Ore,— 
fee, if you can tell me what it is. Re, 
Euphroſ. By the fine Appearance it makes, of a rick 
gold Colour, I judge it to be a Piece of gold Ore. 
Cleon. I thought you would be miftaken, on that Ac- 
count; and you fee, from thence, how eaſy it is to be de- 


ceived by Appearances : The Ore which you now 
view is not Gold, but Copper Ore; and what you fee in 
fuck brilliant golden Colours is neither Gold nor Cop- 
per, but what the Miners call Mundich, a Matter of little 
Value in itſelf, and only remarkable for its fallacious Mi- 
mickry of Gold. In like Manner you may, at your 
Leiſure, view all other Species of Ores and terreſtrial 
Subſtances, which will afford you a moſt inſtructive A- 
mulſement. E | 
Eupbroſ. I ſhall be ſure to embrace every Opportunity 
for _©_ Purpoſe, What is the next Uſe of this Inſtru- 
ment? wh 
Cleon. By ſcrewing on another Glaſs at the Bottom, in 
the Room of that which is now there, it is converted into 
a common Microſcope for viewing any Sort of ſmall Ob- 


jects; but, as this will afford you nothing new, it need not 


farther inſiſted upon. You will obſerve, upon the 
Whole, that this one Inſtrument is capable of being ap- 
plied to almoſt all optical Purpoſes : I have placed 
it on a proper Foot, or Stand, by which it may be 
readily applied to any propoſed Object, and, as ſuch, ſhall 
defire your Acceptance of it. There remains yet one In- 
ſtrument more, that ſhall be the Subject of our next Diſ- 


courle *. 


—— — 


*The inſtrument here deſcribed, is now made with conſi- 
derable Improvements, under the Title of the Graphical Px - 
SPECTIVE and Mickosceprx, for delineating all Objects in 
true Per/pc4ive and juſt Proportion of their Parts. 
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DD 
The ConstrverION and Usz of: the Lax- 


TERNA , MEGALOGRAPHICA, wulgarly called, 
The Macic LanTHORN.. lc ab 


, ; 2 uphroſyne. | 


RAY, Cleonicus, what Compliment do you intend 
to make me by this Inſtrument, which I ſee is a 
Magic Lanthorn, whoſe principal Uſe, as I underſtand, 
is to divert Children with the Appearance of ludicrous 
P te: 
Cleon. The Compliment I ſhall.make you is no other 
than the Knowledge of the Conſtruction, and proper 
Uſes that might be made, of a noble optical Inſtrument, 
whoſe Nature and Uſe have been but little confidered, 
and thoſe applied to ſerve the loweſt Purpoſes, by which 
Means this Inſtrument has been brought into Diſgrace, 
and acquired the vile Name of Magic Lanthorn :;——But 
the Abuſe of Things, by the Ignorant, does not alter 
their Nature ; and becauſe this Inſtrument is capable of 
exhibiting a large and ſurprizing View of any odd, ridi- 
culous, or monſtrous tranſparent Picture, and .thereby 
occaſion Wonder and Surprize to an inconſiderate Popu- 
lace, it does not by any Means follow that Ladies and 
Gentlemen, nay Scholars, and Sages themſelves may not 
be very rationally amuſed with the curious and noble Ef- 
ſects which ſuch an Inſtrument can produce with proper 
Objects applied to it. A precious Stone is not of lefs 
Value for being worn on the Finger of a Show-man, and 
there is nothing in the Magic Lanthorn that is ſcandalous, 
but the Name itſelf; ſo defire you will not think yourſelf 
affronted by having this Inſtrument fet before you. 
Euphroſ. I only joke with you, Cleonicus, as I know 
the Reputation this Inſtrument is in ;,— But, prays 
how comes it to be called the Magic Lanthorn? 
Cleon. From the wonderful Effects which it was ob- 
lerved to produce, by the ſtupid and ſuperſtitious Pact of 
Mankind, and the Villany of Cheats and Impoſtors. For, 
on 
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on the firſt Invention of this and ſuch like Inſtruments; 
it was well known how the Minds of ignorant People 
would be influenced by ſuch amazing Effects; and as it 
was eaſy to conceal the Cauſe, the Conjuror had it, by 
this Means, in his Power to work Miracles, and multi- 
ply the Experiments of his Magic Art; and it is not to be 
doubted, the Tribe of Miracle-Mongers found their 
Cauſe of Impoſture to be as much promoted, by this 
Inſtrument, among their credulous V otaries, as by any 
one Inſtrument: that ever fell into their. Hands 
But after all, nothing more has been done with the Ma- 
gie Lanthorn, to anſwer the execrable Views of Sorcerets, 
than is daily practiſed with the Bible itſelf, by the Pro- 
feffors of pious Frands, in almoſt every Age and Coun- 
try: and it is moſt certain, that if there were no Fools, 
there could be no knhaviſh Pretenders to the Magic Art; 
nor ſhould we ever have heard of any ſuch Thing as a 
Magier Lanthorn. We ſhall therefore diſcard the in- 
famous Appellation of Magic, and ſubſtitute in its Room 


the true and deſerved Epithet of Megalographic Lanthorn, 


by which the Nature of the Inſtrument is, as it were, de- 
eiphered and explained, as ſignifying nothing more than 


the producing à very large and magnified Picure of a final 


» 


Object. 


Euphroſ. This Inſtrument, then, I ſuppoſe is to be 
uſed by Candle Light, as you have choſen the Evening 


to diſcourſe of it, and from thence J conclude, that it has 


ſome Affinity to the Solar Megalaſcope, which you ſome 
Time ago explained the Uſe of to me. 
-" "Clear. It is in Effect almoſt the fame Inſtrument; it 


differs, it is true, in Form, and requires the Candle- 


light, as the other does that of the Sun: But as a {mall 
Quantity of the Sun-beams will ſuffice in a Megalaſcope, 
and in the Megalographie Lanthorn a very great Quantity 


of Candle light is neceſſary, therefore the Lanthorn mult 


neceſſarily exceed the Megalaſcope in Bulk, as it mul: 
contain the Candle itſelf, and a large Speculum, or Lens, 


«by which the Light may be collected ſufficient to illumi- 


nate the Objects that are magnified: and hence ariſes 2 


"two-fold Conſtruction of this Inſtrument, viz. with a 
Speculum and Lens conjointly, and the other with Lenſes 


only. | 
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their Images magnified as large as the Like: 
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Eupbreſ. This, I ſuppoſe; is the Reaſon why I ſee two 


Lanthorns: here before me, one of a large, and the other 


of a maler Sire. 1 „ 6 
Cleon. It is fo: The large one, as you will ſee! on my 


opening the Door, has a large Speculum placed on the 


Back- part, or Left- hand, which collects the Light of the 
Candle placed in the Middle of the Lanthorn; and then 
reflects it to the tranſparent Images on the Glaſs, to illu- 
mi nate them ſtrongly, and then the ſaid Object is magni- 
fied by a glaſs Lens in a ſliding Tube, which adjuſts it to 
a proper focal Diſtance; and becauſe the Speculum is 
large, and the focal Diſtance 12 or 15 Inches, therefore 
the Lanthorn of this Conſtruction muſt neceſſarily be of 
a very conſiderable Bulk. But in the other Lanthorn, 
upon opening the Door, you ſee only a large, thick Lens 
(almoſt a Hemiſphere) of Glaſs placed between the 
Candle and the Objects: and though in this Caſe the Sur - 
face of the Lens be not near fo large as that of the Spe- 
culum, yet, on Account of its much ſhorter! focal Di- 
tance, the Rays of Light will be ſufficiently ſtrong for a 
requiſite IHumination of the Object. 1161 25 . 
Eupbrof. I think, if 1 remember right, the Objects 
made uſe of in theſe Lanthorns are all painted in ſquare 


Panes of Glaſs, and in tranſparent Colours, which are 


diſpoſed together in a wooden Frame to be applied for 
U. 11 | „ 

Clon. They are ſo; for it is neceſſary the Colours, 
ſhould be tranſparent to render them vivid and lively in 
As the 
Objects themſelves are ſome of them two or three Inches 


long, therefore a large Lens will be neceſſary to be uſed ; 


for the Lens and its Aperture muſt be proportioned to 
the Size of the Object in this, as well as in all other op- 
tical Inſtruments; and then it will be eaſy to know 


what Diſtance the Lanthorn muſt be placed from the 


Wall, in order that the Portrait of a Perſon two Inches 
long may form on the Wall an Image of fix Feet high ; 
for if the Lens which magniſies it has its Focus at about 
lix Inches Diſtance, then it will be as two Inches to 
ſix Inches, ſo is | fix Feet to eighteen Feet; therefore, 
if the Room be 18 Feet wide, the ſmall. Pictures ot 
Men and Women will be formed on the Wall juſt 
4 


trifling than theſe : However, I muſt entertain you with 
ſomething of this Kind, and, becauſe the Subject ſhall 
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as large as the Life; and therefore, when thoſe painted 
Objects are properly choſen, this Inſtrument may afford 
as agreeable an Entertainment, and excite” as much ra- 
tional Laughter, as any one that I know of. And here l 
muſt obſerve to you, that among the old dull Claſſes of 
Schoolmen, Rifibility was eſteemed no inconſiderable Fas 
culty of human Nature, and, in their Logics and Me- 
taphyſics, they often conſidered it as peculiar to, and a 
diſtinguiſhing Characteriſtic of Man; and ſurely ſuch 
Faculties were never beſtowed upon us in vain: and 
therefore the Amuſements of the Megalagraphic Lanthorn, 
if they were conſidered in no other Light than that of 
Recreation, are worthy of rational Beings, and, conſe- 
quently, far from being impertinent. 202% 4 
Euphrof. As you put ſo good a i Gloſs upon the Mat- 
ter, you have excited my Curioſity to ſee a few Experi- 
ments at this Time, though I cannot help thinking, after 
all you have ſaid, they will look like Puerilities, or Enter- 
tainments fit for Boys and Girls only Wnt 
Cleon. We may ſee the Force of Prejudice againſt 
Things taken up in-a general Way, in this one Inſtance 
of your almoſt invincible Indifferency to this poor, degrad- 
ed Inſtrument : For my own Part, I could heartily with we 
had no Opportunities to obſerve our vajuable Moments of 
Time ſpent on Subjects of Amuſement more puerile, or 


not be low, I bave procured an Artiſt, well ſkilled in this 
Miniature Painting, to draw on two or three Slips of Glaſs 
the whole PRoceeDiING of the late CoRoNATtoN, which, 
when you obſerve the Motion on the Wall, you will cer- 
tainly have a different Idea than what you have hitherto 
entertained of theſe Subjects. See, I put the Slips in, 
one aſter another, and will move them in a proper Man- 
ner, while you take a curſory View of them as they paſs 

in the regal Proceſſion. £51 poo mt cs; ff 
Euphroſ. This will be an elevated Subject, indeed: 
Good Heavens! The Herb-Woman appears at a greater 
Advantage than when I ſaw her on the Plat form at the 
Time. The Painter has certainly complimented her ſix 
Maids.———PFhe Flowers lie as naturally on the Carpet 
as I then ſaw them ;————— A delightful Mp 
indeed; 
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indeed; the various Orders and Degrees of Gentry and 
Nobility, with their proper Habits, Robes, 'and regal In- 
veſtments, bring to my Mind fo naturally the Thing itſelf, 
that I really judge this View, by Candle-light, much to 
exceed that by Day-light, if it may be fo called' when 
they, returned from the Abbey.—— The Canopies, under 
which our Sovereigns walk, are very elegant and highly 
improved by the end Hand: The King and his 
Royal Conſort appear with all the Pomp of ſolemn Majeſty. 
—— Upon the whole, it is a moſt exquiſite, grand, and 
beautiful Scene; and were ſuch Subjects as theſe to be 
uſed for this Lanthorn, I cannot ſay but I ſhould be as. 
much entertained with its Effects as any of my Sex. 
Cleon. But this is ſtill in the Way of Entertainment 
only, nor. has the Inſtrument as vet been ever applied to 
any other Purpoſe, though it be very capable of 3t.——E 
ſhall give you ſome particular Inſtances of the ſuperior 
Uſe of this Inſtrument.— In the firſt Place, obſerve 
1 OR. which now pafſes over the Sheet upon the 
all. | 
Euphraſ. I know the Object at its firſt Appearance, 
having . it before in he Megalaſcope of the Camera 
Obſcura t is a Leaf diffected; or anatomiſed; and 
all its curious Ramifications and Contexture exhibit a 
deligheful and inſtructive Spectacle to the Eye. 
What other Objects of this Kind can you put into the 
lantborn? e e eee, 
Clean. In the general Collection of marine Vegetables, 


0 Sea Plants, with which you were ſome Time ago pre- 


Ittle delighted in recounting their various Species, and 
obſerving and refleCting ont their peculiar Nature and great 
Variety of beauteous Forms; you have likewiſe employed 
many Hours in ſorting them out, expanding them on 
Paper, and diſpoſing of them in proper Frames, which 
jou now look upon as the moſt ornamental Part of your 
| dudy :———You have likewiſe farther obſerved, that 
great? Woot of thoſe Marine Plants are tranſparent, and va- 
legated with Colours the moſt delicate to be ſound in 
Nature : Theſe 8 therefore, render them a pro- 
Er Subject for the Megalographic Lanthorn.—Accord- 


Carpet 
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and placed them on. Glaſs. in a Frame of the uſual Form, 
that you may ſee them, one after the other, upon the op- 
polite Wall. © | 

Euphroſ. They are, indeed, as fine a Spectacle as Eyes 
can behold. I thought they made a glorious View in 
my Frames; but how infinitely ſhort does that fall of 
the Glory and Grandeur with which they now appear! 
hey ſeem to be each of them a new Species of 
large, or full grown Trees, with Limbs and Branches 
reſembling tranſparent Coral, of all the Variety of ex- 
quiſite Colours : The Form, the Texture, and Sub- 
{tance of theſe Plants, -I really think, could not be ſhewn 
in any other Way to ſo great an Advantage. 


Clean. There is no other Inſtrument that has yet been 


made for ſhewing an Object ſo large in the Sun's Light; 
the common Megalaſcope takes in an Object of little more 
than an Inch in Diameter, which is too imall for ſhewing 
"theſe curious Plants, or any other large Objects, to the 
greateſt Advantage ; though ſuch might be made, and 
applied to the fame. Purpoſe, in the Camera Obſcura, as 
you have now ſeen by Candle light ; but the Glaſſes ſor 
this Purpoſe muſt be large, and the Inſtrument of Courſe 
more expenſive than the common Solar Microſcope ; and 
it is very probable, that I ſhall have it in my Power, ere 
long, to entertain you with one of this Kind, But to 
return to our Subject : There are yet other Uſes to be 
made of this Megalographic Inſtrument, fince every Sub- 
ject that is traniparent, immediately becomes applicable 
to it, and, though ſmall in itſelf, yet, being hereby ren- 
dered extremely large, becomes in Proportion more agree- 
able to the View: Thus, for Inſtance, ſuppoſing you have 
Glaſs Medals, or Glaſs Pictures of perſpective Views, 
theſe, illuminated and magnifhed in this Inſtrument, 


would have a very noble and fine Effect to the Eye, it 


properly ornamented and tinged with natural Colours. 

- Eupbreſ. I ſuppoſe, by your Manner of ſpeaking, that 
you bave ſame ſuch like Curioſities to entertain me with ; 
and I cannot ſay but, from the Nature of the Thing, 
they muſt, when this Way applied, yield a very delightful 
Spectacle. . 3 | 

* You have conjectured right: For though have 
not real Glaſs Medals, yet I have procured ſuch 55 
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anſwer the ſame Purpoſe, and in a much better Manner, 
and which, I am well aſſured, will give you no ſmall Plea- 
ſure when you are perfectly inſtructed in the Method of 
manufacturing them for your Uſe. —— What I mean is, a 
Collection of very curious Impreſſions, clear and tranſpa- 
rent as Glaſs itſelf, and yet without that unlucky Property 
of its Brittleneſs; and ſo they are never in any Danger of 
being broke. Another vaJual»e Property is, that they 
are thinner than any Wafer, and 100 of them may be 1 
put in a Frank, and tranſmitted, by the Poſt, from one Part 1 
of the World to another. — The Nature of theſe medal- 1 
lic Impreſſions diſpoſes them to receive, and repreſent the i: 34 8h 
fineſt Strokes that can be drawn by the Hand of the En- | 4 Þ 
graver, and therefore will appear a more ſharp or perfect 
ee eee of the Medal, than can be expected from | 
Plaiſter of Paris, or any ſuch earthy Matter. —— Again, 1 
their Colour greatly favours a View of the Impreſſion; for 1 
you can ſcarcely find any Colour ground that will ſnew 1 
them to a greater Advantage than their own natural Co- of SUPT 
lour —But, if you chuſe it, you may tinge them with any is 
Colour you pleaſe, by mixing proper Dyes or Tints with | 
the Subſtance of which they are made.———See here, a 
great Variety of different Sorts, Sizes, and Impreſſions. 
Euphroſ. A rich and beautiful Variety, indeed; to my 
knowledge, I never ſaw any Thing of a more curious 
and delightful Appearance: — They repreſent the 
Buſts of Men and Women in Relieve, as naturally as the 
Medal itfelf : — —— The curious Portraits, perſpective 
Deſigns, and Landſcapes, in Miniature, are taken off in 
a moſt elegant Manner, and muſt have a noble Effect 
when magnified in this optical Machine.———T obſerve, 
among: others, the Impreſſions of their preſent Majeſties, 
which, I ſuppoſe, you have made from the Coronation 
Medals :>=-—— There is all the Majeſty and graceful 
Mien of the King, by which he is ſo eaſily diſtinguiſhed 
and known ; and a preater Likeneſs in the Side-view of 
his Conſort Queen, than has yet appeared, in my Opi- 
nion, in any Print.—I ſhall be greatly delighted to ſee 
them repreſented at large, by the magnifying Power of the 
Lanthorn. PETR. | 8 
Cleon. I have them already diſpoſed in proper Frames 
for the Purpoſe e upon the Wall, you ſee 
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their Majeſties almoſt as large as the Life, and by this. 
Method alone can they be repreſented fo in any Perfec- 
tion; for if theſe Figures be compared with thoſe painted 
ones you ſee before you, the Perfection of theſe Repre. 
ſentations will as much exceed the others, as the fine Art 
of Engraving exceeds the common tawdry Painting of 
Water-colours ———Here you fee Nature itſelf heigh- 
tened with all the Ma; {ty of ornamental Decorations 
and Attitudes, as far as the Skill of the Artiſt can per- 
form, and all exhibited in full Perfection in theſe mag- 
nificent Views ;———But, behold ! a City now riſes to 
the View, - Rag 

Euphroſ. Surely, it makes a very grand and natural 
Appearance. What does it repreſent, Clonicus ? 

Cleon. It is an Impreſſion taken from a Medal of a per- 
ſpective View of the City of London before the Fire, 
where you now ſee the ancient State of this great Metro- 
polis, as large as in a four-ſheet Print ;——But I ſhall 
change the Scene, and preſent you with ſomething that 
will be ſtill more agreeable. It is a variegated Piece of 
Perſpective, with many emblematical Scenes on a Land- 
ſeape Ground: It is the Reverſe of a Medal ſtamped on 
ſome extraordinary Occaſion, though I cannot recollect 
particularly the Deſign. 

Euphroj. Be that as it will, it makes a noble Picture 
on the Side of the Room; and if theſe pellucid Pieces of 
miniature Drawings are capable of ſuch high Improve- 

ment by the optical Science, it is hoped our Engliſb Ar- 
tiſts will think of providing proper Subjects for our En- 
tertainment this Way, in greater Plenty than we have 
hitherto had; ſince every curious Deſign of a pictureſque 
Nature cannot fail of having that Effect. But what 
do I now ſee! a wonderful Variety of mathematical Fi- 
gures, Triangles, Circles, &c. in one Scene, and 3 

ariety of figured Solids in the other: Pray, what is the 
Meaning of all this, Cleanicus? 

Clean, Theſe were intended, my Euphroſyne, (not as à 
Subje& of Entertainment this Way, but) as an artificial 
Help to the Memory of the young Mathematician ; for on 
one Side of the Medal you have engraved, the Repre- 
ſentation of the principal fundamental Theorems in Geo- 
metry, in a Variety of plain Surfaces On the 0 
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Side the Medal are, finely engraved, a perſpective View 
of the five Platonic, or regular Bodies; but as I intend 
theſe only to ſhew mr may be done in every Way 
where:tranſparent Objects can be applied, even without 
the Aſſiſtance of Colours, I ſhall conclude, at preſent, 
with one Scene more, to ſnew how much theſe medallie 
Impreſſions may be improved and heightened by the Ap- 
plication of Colours. Obſerve the ſplendid Appearance 
on the Wall. 

Euphroſ. A glorious Sight, indeed; the King's Arms 
all richly blazoned and coloured, as the Laws of Heral- 
dry .dire&.—I am, by this Time, thoroughly ſatisfied of 
the delightful Effects of this Inſtrument; and I am im- 
patient to know how theſe Impreſſions are made, as it 
will be the higheſt Subject of Amuſement for ſome of 
my leiſure Time. 


Cleon. It is-a Solution of Iſing-glaſt in Spirits properl 
prepared, which is not worth your while to attempt: 


have provided for you a 4 Ounce Phial of this Subſtanee, 
which you ſee has the Appearance of a fine white Glew, 
and. will ſerve you not only for taking medallio Impreſſions, 
but-alſo for many other uſeful and valuable Purpoſes. 

Eupbroſ. You will be ſo good as to let me ſee your 
ee Method of tak ing off Impreſſions firſt, and then 
Imake no Doubt but I ſhall be able to do it myſelf. 


Clean. In the firſt Place, the Medal is ſuppoſed to be 


rery clean; then, having diſſolved the Glew by placing 
the Phial at a ſmall Diſtance from the Fire, and placed 
the Medal very level on the Table, I pour the Glew on 
the Surface till it has covered the Whole, and with the 
Point of a Pin carry it nicely round upon the Edges of 
the Medal: I there let it ſtand to dry, or to evaporate 
the humid Part; the Remainder, which will be the pure 
I6nglaſs, : will be ſo tranſparent as not to be ſeen on the 
Face of the Medal, and will, of itſelf, . come off without 
giving you any Trouble in that Reſpect: And thus they 
appear, like thoſe which you here ſee, of the Colour and 


7 


Tranſparency of Glaſs, 


Euphroſ. But bow do you gild them with Gold end 
Silver, in that beautiful Manner of many of thoſe Speci- 
mens before me ? 


Cleon, For that Purpoſe, I lay a Leaf of Gold ot Sil 


ver on the Face: of the: Medal, and then pour the fluid 
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Glew upon it :>——Or elſe, you may firſt pour on the 
Glew, and then let an expanded Leaf of Gold or Silver 
gently fail upon it, and thus the Impreſſion will be gilt 
on the concave or convex Part: or you may put the Leaf 
of Gold on both Sides, and ſo gild it thoroughly: And 
thus they look like Gold or Silver Medals.— And 1 here 
preſent you with / a Frame of fuch Gold Impreſſions, of all 
the Kings and Queens of England ſinee the Conqueſt; to- 
gether with the curious Devices on the Reverſe of each 
particular Medal. PTB.» 
Hupbreſ. I am infinitely obliged: to you for theſe In- 
ſtructions: I now can take what Variety of Impreſſions 
I pleaſe, and thereby enlarge and enrich: my Muſeum of 
Curioſities: at Pleaſure. But you was mentioning ſome 
other Uſes: that were to be made of this Solution; pray, 
what are they ? | . | 
»;,Gleon. , They are of a more ſervile and inferior. Nature, 
but: ſtill the beſt of their Kind; I mean, that of a gelati- 
nous Subſtance, or Glew; for it is applicable not only 
where common Glew is, to cauſe a Coheſion in the highetl 
Degree between Pieces of Wood ; but. in moſt other Sub- 
ſtances that ate liable to be broke, particularly thoſe valu- 
able Pieces of Furniture, Glaſs and China; when broken, 
will, hy this Glew, be cemented ſo firmly together, that 
the Juncture of the Pieces will be hardly viſible, and the 
Strength of it almoſt equal to that before it was broke. 
Eupbreſ. Theſe are important Uſes of the Glew, in- 
deed but, pray, how is it applied to produce the ſtrongeſt 
Cleon. You muſt proceed thus: As ſoon as the Glats 
or China is broke, let each Part be placed by the Fire and 
made very hot, as alſo the Phial of Glew; then, with 2 
Camel's-hair Bruſh, take a little of the Glew and ſtrike 
oel the fraftyred Surface of each Part, then carefully 
putting the Piece, or Pieces, into their proper Place, and 
gently preſſing them together, let them ſtand till they ate 
Cold, and it will do admirably well, for ſhow, and, in 
many Caſes, for real Uſe, as you will be thoroughly con- 
vinced of by every Experiment you try of this Kind “. 
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1 te, ©. 6 bY 6; 20 of pf Cod 
The Deſcription and Rationale of the optical Oc- 
TAN T, and Helioſtata, or optical CL nx. 
Euphroſyne. | 


T ſeems, Cleonicus, by the Apparatus you have pre- 

pared for my Entertainment at this Time, that you 
are going to quit the delightful Subject of Optics, for 
ſomething in the mechanical Way; for what elſe can be 
the Meaning of the Quadrant, Clock, and other mecha- 
nical Preparations I here ſee ? Ns | 
Cleon. The Subject of Optics is not ſo ſoon exhauſted 
as you may imagine: This moſt delightful: of all philoſo- 
phical Sciences affords: you ſuch an extenſive Field, that 
you will find, that, as yet, we have little more than 
traverſed it half over, and that the remaining Part is all 
upon a delightful ' riſing Ground. The Objects of this 
Science are connected with, and depend, in many Re- 
ſpects, on the Principles of many others, particularly the 


laſt Dialogues, that the Reader might have a more complete | 


and ſatisfactory Idea of each of them: therefore, in Plate ; wh 

Fig. I. Repreſents the portable and proportionable Camera 
Obſcura, deſcribed at large in the 1oth Dialogue of this Part, 
Page 250. 4 61 


Fig. II. Is the refrafting binocular Teleſcope; deſcribed in 


Dialogue 12, Page 270. | | 5 | 
Pig. III, Is che optical Inſtrument, deſcribed ia Dialogue 
13, P. 274. It is here repreſented as placed on a Foot, or a 
Stand, for more convenient Oſe; but it will do very well with · 
Out.. ain 1 A i i | . a 1 25 
Fig. IV. Is the megalographic Lanthorn, above deſcribed, 
As the ſeveral Parts of cheſe Inſtruments have been particu - 
larly deſcribed, nothing more need be ſaid of them here, 
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moſt uſeful Science of Mechanics: but I ſhall ndt propoſe 


any Thing for your Information that ſhall give you any 
Difficulty about underſtanding it. 5 : 
'Euphroſ. I hall never be tired in my Progreſs through 


theſe delightful Scenes: But I cannot ſay that I ever ex- 


pected to meet with a Quadrant, ora Clock, in my Way 
among optical Subjects, 5 . 
Cleon. Perhaps you might not; but it does not follow 
from thence, | but that Quadrants, Clocks, and many 
other curious Inventions, may owe their "eſſential Proper- 
ties and Uſes ſolely to the Principles of Opties, and yet 
never be the Subject of common Knowledge, or heard of 
by you or the Bulk of Mankind. — You will wonder, 
perhaps, if I tell OO Een Quadrant (or, more 
properly, Octant) has always been eſteemed by thoſe who 
are Judges as the moſt exquiſite and uſeful of all the noble 
Inventions in Optics, which we owe to the great Sir 
Jaac Newton And therefore, as ſuch, I think it is ver) 
-neceffary that a Perſon of your delicate and general Taſte 
for Science ſhould be made acquaimed with it, ——1 
have often obſerved to you, that Science has no Relation 


to Sex, and therefore a Lady may as well be taught the 


Natufe and Theory of Hadley's Quadrant, as 13575 
Gentleman ſhould be at the Pains of ſtudying the Theory 
und Mechaniſm of a Spinning-wheel “x. 
- Etphrof. Whatever is of an optical Nature I am ſure 
will — me, and therefore I ſhall very readily attend to 
all you have to ſay on that Inftrument, —I fee it is fur- 
_ nithed with ſeveral 
to this Clafs :—T likewiſe obſerve a Speculum and a Tele- 
Tcope pertaining to your Clock, and therefore I confider 
it as a compound optical Machine. F 
Clem. They are both of them ſtrictly ſo, and the 
higheſt;of the catoptrical Claſs ;, for all their Effects ate 
purely by reflected Light, and the Principle on Which 
they depend is of Courle-extremely eaſy, neatly Only this, 
. that the Angle of Incidence is ever equal to the 1 4 
"Refleftim.——— This Principle you have long ſince be 
taught the Truth of, by Experiment, and therefore muſt, 
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Lee this domeſtic Machine explained, among others, in 
Luer ſan's Mechanics. 1 


Glaſfes, and therefore muſt be entitled 
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ut preſent, be taken for grantetil; and in this the whole 
Theory of theſe curious Inſtruments eonſiſts. 
Euphreſ. If nothing more than that be required as a 
preliminary Qualification, I ſhall find myſelf very capable 
of underſtanding their Rationale, for dere is not an Ope- 
ration of Nature more familiar or eaſy of Demonſtration, 
than the Principle you have now mentioned ; and there- | 
fore you may proceed, as ſoon as you pleaſe, to its Appli- 1 
cation in the Conſtruction of thoſe Iuſtruments.. | 
Cleon. - Preparatory to that, I have provided a littl 
Machine to filluſtrate this Matter by Experiment: This 
conſiſts, as you ob- 8 | | 
D he''fo ie 
lowing Parts, via F 
1.) A reflecting 2 „ 
peculum or plain 
Glaſs, A B, move- 
able on a central 
Point C, through 
which paſſes a 
Wite, H E; and jf D 
therefore at right. 
Angles to the © a 
Plane of the Spe- 
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eulum. (2.) The BW: 
Wire H C is con- . Wo 
nected with an D 1 
Arm H 1, move - 1 2 1 


able about a Cen- 
ä the Motion of the 
Arm 1 H, the 
Wire H E, and 5 8 
5 conſeqtently the Glaſs A B, is moveable at Pleaſure. ö 
, (3) Gn the Ceiter I, with che Radius I C, you ob- 111 
erve "a Citcle C H K I is deſeribed; and (4.) on the ki 
Center C, with the fame Radius, is deſcribed the Circle Wo 


1 

: / þ 

i DF MI. 175 You farther obſerve, that the Diameters | FF | 
DM and L H are perpendicular to the Diameters F Land —_ 
t CK. (6.) In the Diameter D M., produced towards D, bt 


_ 
I place a luminous OlfeR, *biz. the Flame 'of'a Candle, n 
« e that the Rays which come from it, and fall _ > | 9 if 
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Glaſs A B, will be reflected from thence in the Direction 
C F, making! the Angle of Incidence: D CE, equal to 
the Angle of Reflection EC F.— In all this, A: ee 
vou underſtand me, Euphrahne? 
Eupbroſ. Wich the utmoit Eaſe, I can are: you. 11 
there be nothing more denn ow this, you. may proceed 
, Oy.” 
Ueuleon. The next 3 yon are to take Notice of is, 
that if the moveable Arm I H be placed at right Angles 
to C K, then will the Wire C H divide the Quadrant 
MI into two equal Parts in the Point N, and, conſe- 
quently, the Perpendicular C E will biſect the oppoſite 
Part of the Circle D F in the Point E; in which Caſe 
the Angles of Incidence and Reflection, DC. E and ECF, 
will be ber equal to 45 Degrees. is, likewiſe, 
I ſuppoſe, you very readily underſtand. 

Euphre/. Yes, ſurely, or I muſt be very. dull . 
Pray, proceed. 

Clean. Another Thing chat you myth. take particular 
Notice of is * that while the Arm 1 H deſcribes the 


'Arm I H. 
Glaſs A B moves boom with the Wire E C, its s angular 


Motion will be alſo the ſame, and juſt half that of the 
Arm IH. — chis, hkewiſe, I hope. Jou wil er no 


Difficulty. 
Euphre/. Not in the leaſt, as I wiſh nothing t to be more 


obvious. 8 
Cleen. By the Mechaniſm of this. inſtrument, upon 
the Center C there is a moveable Arm C O, carrying the 
radiant! Object, fixed upon it at O; ang this. Arq 
CO bas the ſame Motion with the Arm 1 H, that is, 
When [ wen the Winch you ſee the Arm LH move from 


will be 
tion in 


Il to K in the fame Time that the Arm CO moves from ſerve b 

D to F, and that the Glaſs and its Wire E II moyes otior 

; 1 balf a Quadrant in the ſame Time. Eupt 

Euphraſ All this I obſerye with © Gaſarys: and under- Moving 

fand with Vg What abom nt ee ee | | 5 
In ee 
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- Clean, I turn the Winch backward, and bring the 
Arms IH and C O to their former Situation, perpendicu- 
lar to F K; and you are then to take Notice, that a Ray 
of Light coming from the Candle at O, and from the 
Glaſs reflected to G, will there ſhew the Image of the 
Candle in another Looking-glaſs P Q placed perpendi- 
cular to the Right-line F K. Now the great Point to 
be conſidered is, how, or in what Manner, the reflected 


Beam of Light C G is to be rendered permanent, or 


immoveable, while the Object at O is moveable upon the 
Arm C O, over the Arch D F; for if that can be done, 
the Candle in the Glaſs at G will, all that Time, remain 
quieſcent, or be ſeen in the ſame Place; now this is ef- 
fected by the Mechaniſm of this Inſtrument: becauſe 
the Glaſs A B, and its Perpendicular E C, have but half 
the angular Motion of the Arm C O: And thus it hap- 
pens, that while E C moves over any Space towards F, 
the Angle E C F will be diminiſhed by that Space, and 
the Angle E C D be juſt ſo much increaſed, and, con- 
ſequently, that the Angle E C F may be always equal 
to the Angle E C D, the Arm C O muſt move juſt twice 


as faſt as the Perpendicular C E, or the Wire C H, and 


then will the reflected Ray of Light always continue in 
the ſame Poſition, or ſhew the Image at reſt in the Glaſs 
P Q, while the Object or Candle is any where fituated 
on the Arch D F.— For Example: If the Perpen- 
dicular moves from its Situation at 45 Degrees E to 50, 


then will the Angle E C F be only 40 Degrees, and 


the Angle E C D 50, which is 10 Degrees more than 
the other: Therefore, if while the Point E deſcribes 5 
Degrees towards F, the Arm C O paſſes over 10 Degrees, 
it will all the while keep the Angles of Incidence and 
Reflection equal; and therefore the reflected Ray C G 
will be invariable, and ſhew the Image without any Mo- 
tion in the Glaſs PQ. — The Truth of this you ob- 


lerve by Experiment, while I continue the Machine in 


otion. bs, 


Euphroſ. It is very true; I ſee the Candle conſtantly 


moving over the Arch D F, while its Image appears per- 
ſectly at reſt in the Glaſs P Q: A- very curious Effe&t | 
indeed, and ſuch as I could not have thought producible 


from ſo eaſy a Principle. | 
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. 'Cleon. The next Thing you are to obſerve is, that 
fGnce the Ray C G is, by this Means, fixed, it will be ren- 
dered ſo if reflected into any other Poſition: As, ſup- 
poſe & T parallel to OM, by moving the Glaſs P Q, on 
its Oenter G, into the Poſition R 8, which is preeiſely 
parallel to that of the Glaſs A B, and then an Eye, 
placed at T, will ſee the Image of the Candle Pan we 
Glaſs R S at reſt, as beſore, white the Candle moves over 
the Quadrant of a Circle from D to F. -I turn the 
Glaſs P Q into the Poſition R 8, und you fee, by Ex- 
perimſent, its Image continues immoveable in the hori- 
zontal- Line TV. | e 5 

_ »Euphreſ. All this is very evident, by Inſpection.— 
4 ſuppoſe I-ſhall-fee the Uſe oft exemplified in the Con- 


traction of itheſe Machines. 


Clean. You will, in many uſeful Inſtances.— But 
vou are yet farther to obſerve: that, for the ſame Reaſon, 
the reflected Ray is fixed, when the incident Ray is 
moveable, So, on the contrary, whenithe incident Ray 
is fixed, the reflected Ray will be moveable; for, if the 
Ray O C be -ſuppoſed to coutinue the ſame, while the 
Glaſs A B and its Perpendicular. AC be moved about the 
Center C, the Angle of Incidence E C D will be con- 
ſtantiy altering, and ſince the Augle E CF muſt be al- 
ways:equab to it, therefore the reflected Ray C G muſt 
be eonſtantiy in Motion withia-Velocity twice as great a8 
that of the Perpendicular- E C, or the Index C H, for 
the Reaſons before mentioned. Therefore the Image will, 


zn this Caſe, appear to be mbveabte, and which you ſee in 


every common Locking: glaſs, which, if you move them 

one Way or other, will abways ſhew a Motion in the 
Images of Objects by Reflection. | 
FZuphrbſ. I never fit down to the Toilet without being 


bo bdliged to obſerve this Phænomenon; but I never advert- 


ed to the Celecity of the Motion in thoſe Images, or knew 
that it was twite as great as that of the Glaſs ſelf, cwhich, 
3 what you have now faid, I clearly apprehend 1t-w 


Cleon. In the laſt Place ybu will obſerve, that when 
both the Glaſſes are equally moved together, the Per- 
-pendieulars to cabh Glaſs, as E C, (G C, will conſtantly 

make the ſame Angle with each other; » 


— 
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alſo, the Angle of Ineidenee being ever equal to the 


Angle of Reflection, it will follow, that the incident 
Ray O C, and the ſecond reflected Ray G T, will ever 
be parallel to each other; and, conſequently, the Image 
at V always appearing in the Line T V, parallel to OC, 
muſt neceſſarily be quieſcent, or motionlets all the Time 
the two Glaſſes are in Motion : And this you will fee by 
the Experiment — For obſerve, I move both the 
Glaſſes in the Inſtrument round the Center C, without 
altering their Poſitions. to each other, and the Image of 
the Object at reſt in O will appear to be at reſt in the 
Glaſs PQ, to your Eye placed at K.—Again, I turn the 
Glaſs P Q into the Poſition R 8, dee tg A B, and 
then moving them both equally about the Center C, you 
will obſerve- the Image, by. the reflected Ray & T, at 
reſt, in the fame Manner as before. 7 

Euphroſ. Vour Inſtrument is very prettily adapted to 


| ſhew theſe curious Particulars very naturally: But how is 


all this applicable to the Sea Quadrant, which, it ſeems, 
I muſt underſtand before I can pretend to be an expert 
female Navigator ? | e 
Clean. When the Reaſon of a Thing is underſtood, 
the Practice can never be difficult: This Quadrant, 
fee, which I take in my Hand, has the fame two 
Glaſſes with thoſe in this little Machine, the largeſt of 
which anſwers to the Glaſs A B, and is fixed upon an 
Index analogous to C H in the Machine ; the other Glaſs, 
on the Side of the Quadrant, is to be conſidered as fixed 
while the Quadrant is in uſe, and anſwers to the Glaſs. 
Therefore, the Uſe of this Quadrant being 
to take the Height of the Sun at Sea, in a Ship continually 
in Motion (which would render the common Methods at 
Land impracticable there) this End is extremely well 
anſwered by the peculiar Property of this Octant; for, if 
| hold it up towards the Sun, the Rays reflected from the 
Index Glaſs to the other, will, upon moving the Index, 
ſhew a'Motion of the Sun's Image in that other Glaſs : 
And, as one half only is ſilvered, the ſolar Image will in 
that be ſeen; and, in the unſilvered Part, the Horizon, 
or Edge of the Sea, will appear: And conſequently, 
while you moye the Index forward 'on the Limb of the 
Quadrant, you will obſerve the Image of the Sun -: wa 
| cen 
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ſcend.. in: the Glaſs, till at-Length it touches, with its 
loweſt Limb, the horizontal Edge of the Sea: And when 


L have got it there, it will appear at reſt, notwithſtanding 
the Quadrant, or Glaſſes are moveable by the Motion of 

the Ship: The Navigator, therefore, has it in his Power 
to make. this Contact as nicely as he pleaſes; and from 


what I ſhewed you before, the angular Motion of the 


Image of the Sun is twice as great as that of the Index 
of the Quadrant: And therefore I need only. obſerve, 
that that Angle is expreſſed in the proper Degrees on the 
Limb, by. reckoning every half Degree a whole one; for 
you obſerve, the Limb of the Quadrant is. divided into 
Degrees, whereas it is in Reality but 45, or the 8th 
Part of a Circle (for which Reaſon it is properly an 
Ociant, and not a Quadrant) And:thus the Arch of the 
Sun's Altitude is, at any Time, very eaſily taken on the 
unſteady Baſis of a Ship. | i g 
Eupbroſ. 1 make no doubt but you can exemplify the 
Uſe of this Inſtrument by Moon- light, as well as that of 
the Sun: If ſo, there is now as delightful a clear Moon 
as you could wiſh. BE 3 
Clan There is ſo: And I ſhall command the Queen 
of Night to deſcend, in Complaiſance to you, from her 
lofty ætherial Seat, and be perched upon the. Top of 
vonder Chimney, without any Power to move: or, to 
be ſerious, I will inſtantly meaſure her Height above that 
Chimney, which ſhe ſeems to be perpendicular over.— 
Here, take the Quadrant, and hold it juſt in the Poſition 
as you ſee me do, and, looking through the ſmall Hole 
in the Sight- Vane, you will perceive the Moon depreſſed 


to the Edge of the Chimney ; and moving the Quadrant 
any how, you will obſerve the Image of the Moon to be 


as immoveable as the Chimney itſelf. | 
Euphref. I do, indeed; and ſo curious a Sight I never 
before beheld : For. notwithſtanding I move the Qua- 
_ drant, or Glaſſes, the Moon appears as abſolutely ſteady 
as if nailed on to the Top of the Chimney, — — Now 
let me ſee the Number of Degrees on the Limb. 
the Vernier cuts 27 . 30'; that, I preſume, is what you 
call the Height of the Moon above the Top of the Chim- 
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Cleæon. It is: And after the fame Manner you will find 
the Degrees contained in an Arch of the Heavens be- 
tween the Moon and any particular Star, which is called 
the Diſtance of the Moon from the Star. Thus you ob- 
ſerve yonder- bright Star, called Regulus, or the Lion's” 
Heart; the Diſtance of that Star from the Moon I eaſily 
find, by putting the Quadrant into a proper Poſition for 
bringing the Reflection of the Star upon the quickſilvered 
Part of the ſmall Glaſs, and then I move the Index till I 
bring the Image of the Star to tonch the Limb of the 
Moon next to it, and then you will obſerve the curious 
Appearance they make both together :- Here, take 
the Quadrant, and put it into the ſame Poſition for your 
own Eye. | | 

Euphroſ. This I will do as ſoon as I can: I find it 


requires a little Practice to be ready at this Matter :>—T_ 


have juſt now brought it to bear, and fee the Star nicely 
touch the Limb of the Moon next to it.— This is a very 
pretty Phænomenon, indeed. Kan, E 
Cleen, On the Limb, you obſerve, the Index has 
moved over 23 Diviſions, which is therefore the Number 
of Degrees contained in the Arch of a great Circle, 
between the Moon and the Star; And to meaſure this 
Diſtance of a Star or the Sun from the Moon, is a prin- 
cipal, and moſt uſeful Problem in Navigation, and . was 
the original grand Deſign of this Invention, by -Sir 1/aac 
Newton, | | : | 
Euphroſ. You have thoroughly convinced me of the 
important Uſes of this valuable optical Inſtrument ;— 
But I imagine, fince you can ſo readily meaſure the Arch 
of Diſtance, between any two Objects, it muſt be of Uſe 
in many Caſes on Land, as well as at Sea: Is it not, 
Cleonicus? | | 5 8 
Clean. You may think it very ſtrange, that a Perſon 
ſhould be able, by any Inſtrument whatever, to take the 
Height of the Sun, or any other Object, in a Ship rolling 
on the Waves of the Sea, more certainly, than on the 
firmeſt Footing by Land: But you will ſoon recollect, that 
at Sea there is ſometimes a clear and evident HoR1ZzoON, 
from which we can meaſure the Height of the Sun, 
Moon, or Star; but, on Land, ſuch an Horizon is 
wanting, and therefore this excellent Inſtrument is * 
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of little uſe in the common Conſtruction : But it is yet 
capable of: an artificial Horizon being adapted to it, and 
thereby the Altitude of the Sun may be. obſerved, not 
only by Land, but likewiſe at Sea in. foggy Weather, 
when the Sun, but no Horizon, can be ſeen: By this 
Means alſo, it may be rendered of very great Uſe in Sur- 
 weying, and in all Caſes where a Theodolite, Circumferentor, 
or common Quadrants are applicable 

This new Conſtruction of a Quadrant I ſhall take ſome 


other Opportunity of giving you a farther Inſight into, 


having ſaid, at preſent, as much as I thought. neceflary, to 
give yau a general Idea of this noble Invention, as it per- 
tains to the Claſs of optical Injiruments*. 


_Y — 
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DIALOG UR u. 

The Deſcription aud Uſe of the HEL Tos TATA, r 
the ſolſtitial aud planetry CLOCK, on a, neu Con- 
Nruction, for Jrxing the Sun, Moox, and PLa- 


NETS ia aſtronomical} OBSERVATIONS. 

Haye reſerved this Opportunity as the moſt conve- 

nient, for inſtructing you in the Knowledge of the 
: Nature and Uſe of an Inftrument, whoſe Theory is the 
moſt ſublime of all in Philoſophy. This grand Invention, 
like all others, has arrived at its preſent Perfection by ſe- 
veral Gradations. 16 firſt Principle is founded in 099% 
and its general Nature is derived from optical, mechani- 
cal, . aſtronomica} Principles; and this you will cafily 
conceive when I tell you, that it is a Clock of ſuch a 
peculiar Nature, as to fix the Rays of Light from any 
radiant Object, and thereby to render the Sun Beams of 
Uſe in the Camera Obſcura more perfectiy than any 


— 1 


5 * 


* was not judged neceſſary to exhibir, in a Plate, any 
Thing relating to the Structure or Uſes. of the Quadrant, as 
| ou 1s fully rar K ſal Troy, which is given with every 
ument of this Kind that 3s fold, | 
* 6 b Inſtrument 
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Inftrument has hitherto done; and alſo, what is ſtill of 
much greater Conſequence, the Aſtronomer can hereby 
detain the Sun, Moon, or Planet, in his Teleſcope, in 
a quieſcent State; by which means they become the 
proper Subjects of his Obſervation, and that for any 


Time propoſed. This hath been hitherto the Deſideratum 


of Aſtronomy ; for as often as the Aſtronomer has been 
intent upon determining the Eclipſes of the Sun and 
Moon, upon delineating their Maculz, or Spots, or 


ſo often he could wiſh to ſay, Sun, fland thou fiill; and 
Thou, Moon, proceed no farther in thy Path : Since the 
conſtant Motion of thoſe Luminaries, in the Teleſcopes, 
does every Moment elude his utmoſt Efforts to accompliſh 
the above mentioned Deſigns. „ 

Euphroſ. Well, and are thoſe great Points effected 
now by this new Clock, which I here obſerve in ſo elegant 
a Conſtruction? | pH 

Cleon. They are, in a Degree ſuperior to any Thing 
that could be expected in ſo complicated a Machine, and 
fully ſufficient to anſwer all the Intentions of the moſt 
xcurate Aſtronomer.. It may ſeem very ſtrange, 
that though it be wholly impoſſible to ſtop the 75 in its 
Courſe, yet that it ſhould be ſo eaſy to fix, as it were, 
his Rays, and thereby render him apparently motionleſs :- 
But nothing has been ſo arduous and paradoxical, which 
Philoſophers have not, at one Time or other, endea- 
voured to effect, and often have found, to their great 
Satisfaction, and to the Perfection of the Sciences, that 
they are far leſs ſo in Fact than in Appearance. The firſt 
Step towards the Diſcovery of this univerſal, optical, 
and aſtronomical Clock, was the Invention of Sir J/aac 
Newton, in regard to fixing the Image of the Sun, by 
two Reflections from two Speculums in Hadley's Qua- 
drant, as I explained to you in the laſt Converſation : 
and fince it appeared, from the Experiment in the ſmall 
Machine you then ſaw, that the, Beam of Light from a 
moveable Object was rendered ſtable by one Reflection, 
and of Conſequence the Image was thereby rendered 
quieſcent, or at reſt, by a Reflection of that fixed Ray, 
it was eaſy to conclude, that if Rays, thus fixed by a 
firſt Reflection, could be thrown upon the Object glaſs 

SOLE” X | of 
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of a Teleſcope, by Reflection from a ſecond Speculum, 
then might the Image of the Object be made to appear 
at Reſt through fuch a Teleſcope, and this was ſoon 
found to be practicable, by Experiment; But then they 
found a conſtant manual Operation was neceffary, to 
keep the firſt Speculum moving, ſo as always to keep 
the reflected Rays in one and the fame Poſition in the 
Teleſcope. Thus far went the illuſtrious Inventor 
himſelf here in England, and the celebrated Fahrenheit 
and Boffat, abroad. att 
 Euphroſ. This ſeems to be a large Step taken at once; 
but, pray, what was the next Enterprize, to render this 
Machine more perfect? 3 1 31s 
Cleon. The next Improvement was an Addition of 
Clock-work, by the late learned Graveſande, who, 
in a moſt ſuperb Manner, conſtructed one of theſe 
Machines, by which the ſolar Beams, reflected from a 
ſingle Speculum, were rendered permanent, and con- 
ſequently fit for all Experiments of the Camera Obſcure, 
and all the Purpoſes of teleſcopic and aſtronomical 
Obſervation, Jͤ 8 
Euphroſ. No doubt but ſuch an Atchievement in the 
Sciences was received with great Eagerneſs and Applauſe: 
I ſuppoſe, thoſe who had Occaſion for trying Experiments 
on Priſms, the folar Microſcope, Sc. took the firſt Op- 
portunity of availing themſelves of this Invention, and 
that no public or private Obſervatory: would be without 
ſuch a teleſcopic Clock. Fog 
Cleon. Alas! my Eupbroſyne, it is much to be wiſhed, 
. the Fate of the Sciences were not ſo much like that cf 
Virtue itſelf, vis. 10 languiſb under univerſal Applauſe: 
For notwithſtanding the Philoſopher had, by this Means, 
rendered the Sun obedient to all their Wills, and fixed 
him for their View for every Kind of Obſervation, yet 
have I never beard of a Purchaſer of one of thoſe noble 
Machines, nor have I converſed with any Gentleman 
who bad ever fo much as ſeen them. I thought it would 
reflect great Diſhonour for ſuch an Invention! not to be 
found in any Engliſb Author, and therefore procured 3 
Copper-plate of it to be engraved and publiſhed, to 
gratify ſuch, Engliſb Artiſts who might be willing 0 
enquire into its Nature and Ules ; and this, as far as | 
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can learn, is the only Appearance it has ever made in 
England *. Ne 11 de mw 
Euphriſ. But I ſee you have go proceeded farther, 
and conſtructed ſuch a Clock in Reality: Pray, is this 
the ſame as you mentioned before of Graveſande, or 
is it with any additional Improvement ſince ? | 
Cleon. It has received ſeveral Additions from the ce- 
lebrated Philoſopher and Mechanic C. G. Kr aTzEnsTEIN 
at Peterſburg, who has rendered its Conſtruction more 
univerſal, by adapting it to the Motion of the Planets, 
as well as that of the Sun, to which Y Grave/ande was 
confined, together with ſome other Alterations and Im- 
provements, which render the Uſe of it more ſimple and 
eaſy; But even the Accounts which this Gentleman has 
given of the Machine, in the Commentaries of the im- 
berial Academy of Sciences, is ſuch as left ſufficient Room 
for many Alterations to be made even in his new Con- 
ſtruction. Theſe I have attempted in the beſt Manner I 
could think of, and which makes the Appeatance of the 
Clock as here exhibited to your View; and I can think 
of nothing more that can be altered, or added to it; to 
render it more fit ſor uſe. ie 15 | 
Euphr, As this Machine promiſes ſo much Eaſe, 
with Exactneſs, in aſtronomical” Obſervations, J ſuppoſe 
thoſe Machines that have been heretofore uſed for ſuch 
Purpoſes will now be laid aſide, unleſs the Expence ſhould: 
be any Objection to this new Improvement. 
Cen. Phe Expence is ſo far from being an Objection 
amt it, that it is a very great Circumſtance in its 
Favour; it is deſigned to ſucceed” what is uſually called 
the unter i al Teliſcope, which, by a large and complicated 
dyſtem of Wheel-work, puts it in our Power to find out 
the” heaveniy Bodies very readily, and to continue them 
in the Field öf the Teleſcope, by a 1 
of the Hand to the ſeveral Screws; by this Means, the 
Aſtronomer can make a ſhift to keep the Planet in View, 
but not to fix it there; which was the great Point wanting, 
ind effected only by this new aſtronomical Clock: And 
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yet, after all, the equatorial Teleſcope will coſt more 
than double the Price of this Machine. 


Eupbrof. If the Advantages of this be ſo much greater, 


and the Expence ſo conſiderably leſs, I ſhould think there 


can be no queſtion made of its being readily received, 


and greatly encouraged here. I ſuppoſe, by what you 
ſay, that which I here ſee is the firſt that has been made 
in England? 


Cleon. It is; and an Automaton of this Kind is a 


new Phznomenon in the King of Great Britain's Do- 
minions. The Ingenuity of Clock-makers has hitherto 
ee appeared in ſhewing, beſides the Hour ot the 
ay, the Age and Phaſes of the Moon, the Day of the 
Month, the Equation of Time, and ſome other Parti- 
culars of that Sort, which were judged to be uſeful or 
neceſſary in domeſtic Affairs: But, in regard to the 
Sciences, very little has hitherto been effected by Clock- 
work; the great Point endeavoured by the principal Me- 
chanics in this Way is an equable Motion, which is almoſt 
as impoſſible! in its own Nature as | a' perpetual Motion, 
both on Account of the Nature of the Materials of which 
ſuch Machinery muſt conſiſt, and alſo from the Princi- 
les of Mechaniſm themſelves. However, great Sums of 
oney have been expended for improving Machines only 
to approximate thereto, it would be incredible were to 
mention the exorbitant Sums that have been paid for 
Clocks and Pendulums on this Account; and yet, after 
all, we find no ſuch Thing as an equable Motion in any 
tolerable Degree 1. Thoſe. Pieces called Regulators, as 
the Machinery is the moſt ſimple, ſo their Motions are 
moſt equable ; but even thoſe very Automata themſelves 
require to be regulated by ſydereal Obſervations, and 
every Clock hitherto propoſed is confined to the mean ſolar 
Time : But the Clock we are now to diſcourſe of is of 
an univerſal Nature, and ſhews, as well the Lunar and 
Planetary Days as that of the Sun, by the Contrivance of 
a Pendulum proper for ſuch a Deſign. | | 


— 
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t N. B. I have lately conſtructed a TanLE-CLock, with 2 
half-ſecond Pendulum, of an invariable Length, going 8 Days, 
of which ſee a farther Account in a Treatiſe given with the 
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' Euphroſ. I have not a clear Idea of what you mean by 
a lunar or planetary Day: Pray, Cleonicus, explain that 
Matter to me, that I may underſtand the Uſe of your 
Machine in its full Extent? | 

Clean. That I will do, as ſuch a Phraſeology is not as 
yet very common; and, for this Purpoſe, I ſhall diſ- 
tinguiſh Days into four Kinds, (1.) A /idereal Day is 


that Space of Time which is taken up in one complete 


Revolution of the Earth upon its Axis, or, in other 
Words, the Time that paſſes from the Moment in which 
any particular Star is on the Meridian, to the Moment 
it returns to that Meridian again. (2). A ſolar Day is 
the Time that paſſes from the Sun's leaving the Meridian, 
to its Return thither again : This Day we uſually divide 
into 24 Hours. (3.) The lunar Day is the Time which 
intervenes between the Moon's Departure from the Meri- 
dian, and her Appulſe to it again. (4.) A planetary Day 
is the Time which the Planets ſeverally take in departing 
from, and returning to the ſame Meridian. —— Theſe 
ſeveral Sorts of Days are of a very different Length from 
each other, and the three laſt conſtantly variable among 
themſelves ; eſpecially thoſe of the Moon and Planets : 
And as the Deſign of this Clock is to ſtop the apparent 
Motion of theſe Luminaries, it is neceſſary the Index of 
the Clock ſhould be adapted to a Motion analogous to 
thoſe of the heavenly Bodies themſelves, which is effected 
by a Pendilum of a different Structure from any that 
has yet been made, as none of the common Sort would 
commodiouſly anſwer this End. | 

Euphroſ. Then, if I apprehend you right, when you 
purpoſe to obſerve the Sun, you adapt the Pendulum 
for moving the Index in ſuch a Manner as to ſhew 
ſelar Time, or the 24 Hours of the common Day.— 
But how do you proceed with regard to the Moon and 
Planets 2 (e541 | 5 


Cleon. As the lunar Days are almoſt an Hour longer 


than the ſolar Day, the Pendulum muſt be made to 
vibrate ſlower, fo that the Index, or Hand of the Clock 
may be made to go once round in about 25, inſtead of 
24 Hours; for the longer the Time is of the diurnal 
Revolution, the flower the Pendulum muſt move of 
Courſe, that the Hand of the Clock may correſpond to 
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the Motion of the Planet, Thus, for Inſtance, the 
longeſt lunar Day is almoſt exactly 25 Hours, and there- 
fore, if I make the Vibration of the Pendulum flower, 
in the Proportion of 25 to 24, the Index of the Clock 
will keep Time with the Moon for that Day, in ſuch 
Manner, that were you to- obſerve the Moon through the 
Teleſcope, by the Rays of Light reflected into it from 
the Speculum of the Clock, ſhe would appear fixed, 
or immoveable m the Field of View, and you would have 
the utmoſt Pleaſure of viewing her variegated Face without 
any Interruption from her Motion; of which ſignal 
Curiofity, I ſnall give you a remarkable Inſtance, by- 
and-by, by Way of Experiment, after we have refreſhed 
ourſelves at the Tea-table. But as for the Planets, 
their Motions are, ſome flower, and others quicker than 
that of the Sun; their Days will therefore be, in Pro- 
ortion, ſhorter or longer than the / ar Day. Thus, for 
e ſuppoſe Saturn upon the Meridian, together 
with the Sun, this Day at Noon, then, as the Motion 
of Saturn is flower than that of the Earth, in its Orbit, 
or Sun in the Heavens, the Earth, in revolving upon 
its Axis, 8 ſooner bring the ſame Meridian to Saturn, 
than to the Sun; and, therefore, when I ſhew you that 
Planet through the Teleſcope of the Machine, in order 
that he may remain quieſcent in the View, it will be 
neceſſary for me to accelerate the Motion of the Pendu- 
lum in Proportion, as the Saturnian Day is ſhorier than 
that of the Solar One. On the other Hand, if it be pro- 
poſed to view the Planet Mercury, as his diurnal Motion 
in bis Orbit exceeds that of the Sun, then, if I retard 
the Motion of. the Pendulum in ſuch Proportion as the 
mercurial Day exceeds the Length of the /o/ar Day, will 
you have a View of this Planet fixed, or permanent as 
if really motionleſs in the Heavens, And this Procedure 
is the ſame with regard to any of the other Planets 
and this is called, red:fying the Machine for planetary 
Obſervations. | | | x, 
Euphroſ. 1 ſuppoſe it will alſo require to be rectiſied for 
the Latitude of the Place, ſince I perceive your Clock is 
not in a perpendicular Poſition, like other Clocks; but 
inclined to the Horizon in a certain Angle, | 
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Ciern, It is true; the Face or Plane of the Clock 
muſt ever be parallel to that of the Equator, and there- 
fore inclined, in the ſame Angle, to the Horizon; and 
conſequently the Clock mult be rectified to the Latitude 
of the Place where it is uſed; on which Account, the 
Fulciment, or Supporter at the End of the Hour-Index, 
which carries and directs the Index of the Speculum, mult 
alſo be longer, or ſhorter, in Proportion, as the Latitude 
18 greater or leſs; for otherwiſe, if this be not ſcrupus 
louſly obſerved, the Luminary will not appear fixed in 
the Teleſcope: 1 
Eupbroſ. I farther imagine; by another Part of your 
Apparatus for the Speculum, that that alſo muſt be recti- 
fied, of adjuſted to the Sun's Declination at different 
Times of the Year. 5 

Cleon. In this you alſo conjecture right; for, accord- 
ing to the different Declination of the Sun, North or 
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proper Part of the Machine, by which it is placed due 
lt North and South *=>——— And then, with regard to his 


b South of the Equator, ſo the Speculum muſt conſequent- f 
: ly have its Height above, and Diſtance from the Clock wi 
? properly altered : To which End, you obſerve, a due 1 
y Proviſion is made by Sliding bars, which are adjuſted, by 15 
7 Screws, to a great ExaCtnefs in each of theſe Reſpects; [ig 
. and becauſe the Declination of the Moon and Planets, 40 
* from the Equator, never exceed 30? o, it was not jt 
" neceſſary to provide for viewing any Objects beyond that. * 
1 Euphroſ. Do you not likewiſe find it neceſſary to adjuſt 4 
1 the Machine, in regard to the Meridian and Horizon? bj 
of Cleon. Yes: Theſe are alſo Articles to be nicely b 
n obſerved 3 and in order thereto, you take Notice of a 4 
rd curious magnetical NEEDLE and ComPass placed in & Fil 
* horizontal Poſition, you ſee there are two Spirit levels ll 1 
= placed at Right-angles to each other, by Means of which, bf ; 
8 5 and four adjuſting Screws, the Machine in all its Parts is A 318 
wy truly placed in a horizontal Poſition. Theſe Things are 1 
all of them eaſy to be performed for any given Time, as l 

for is evident by Inſpection. | | 1 
K Eupbroſ. But, as the Speculum has its Height con- Hs. 
but ſtantly varying above the Fafe of the Machine, it ſeems 1 
neceflary that the Teleſcope ſhould always keep Pace -; tj 

with it, or be elevated, or deprefled, exactly im the 1 
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fame Degree : To which Purpoſe, I ſee the ſame Con- 


trivance applied by Sliding-Plates and adjuſting-Screws, 
for fixing it in the required Poſition. If there be any 
farther Particulars relating to its ReCtification, you will be 
kind enough to mention them, as I am impatient to ſee 
the Effects of ſo requiſite and uncommon a Machine. 

Cleon. Nothing remains now but to rectify the Ma- 
chine, and ſhew you the Uſe of it, which, at preſent, 
muſt be confined to the Sun : We have juſt now half an 
Hour for that Purpoſe. ——To this End, it will be only 
neceſſary to put to the Window-ſhutters, and let a Beam 
of the Light come through a Hole, made in one of them 


of a ſuffictent Width, that it may, for ſome Time toge- 
ther, fall upon the reffecting Speculum.— This you. ſee is 


done, and the Sun-beam is reffected in a Poſition parallel 
to the Floor, and falls on the Side of the Room, which 
reflected Beam you will obſerve continues immoveable, 
or always retains the ſame Poſition or Direction. 
Euphroſ. To prove this, I muſt make a Mark with 
my Pencil in the Side of the luminous Spot, and then 
I can caſily obſerve if it moves or not. A ſufficient 
Time has paſſed to have obſerved the Motion, if there 
was any: By this Time Iam fully convinced that the 
reflected Beam is perfectly quieſcent :>—lt is not with- 
out ſome Degree of Surprize, and equal Pleaſure, that I 
obſerve this new and very extraordinary Phznomenon, 
a Beam of Light fixed and motionleſs ! | 
Cleon. It muſt afford the higheſt Satisfaction to every 
Virtuoſo in Optics, to have the ſolar Beam tranſmitted 
into his Room, and. there, by this Means, rendered con- 
ſtant and immoveable, for Hours together, without the 
leaſt Trouble to himſelf ;. while he may fit down, and, 
at his Pleaſure, apply his Priſms in all the Variety of 
Experiments relative to the different e on Re- 
flexibility, and Colours of Light: Alſo, his ſolar Micro- 
ſcope, for magnifying ſmall Objects, may here be applied 
without that expenfive Apparatus that uſually attends 
them, the Wilſon's Part only being here ſufficient for all 
ſuch Purpoſes ; eſpecially if, inſtead of the plain Specu- 
lum which you now ſee applied to the Clock, one con- 
ſiderably concave was placed in its Stead 5 for then 
would the Rays of Light be reflected ER to 2 
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Focus, and in this converging State, Wilſon's Microſcope 
might eaſily be applied, on a proper Foot or Stand, and 
all Experiments thereby performed with the utmolt 
Eaſe. 


Euphroſ This I plainly perceive; and many other 


Uſes L make no Doubt but ſuch a permanent Beam of 


Light, in its various Forms of parallel, diverging, and 
converging Rays, may be made to anſwer, by thoſe who 
are curious in this Science —=——But I want to have a 
View of the Sun through the Teleſcope, which I obſerve 
you have taken off from the Machine. 

Clean. I will replace it, and adjuft it, that you may 
fay, for once, you have ſeen the Sun without Motion.— 
There, look through it. 

Euphroſ. I behold the glorious Orb, which nearly fills 
the Field of View :—And there I ſee it remains without 
the leaſt Tendency to Motion : — With how much 
Pleaſure, now, I view the Spots on the ſeveral Parts of 
his Diſk, and their relative Poſitions : I have now an 
undiſturbed View of every Part of that wonderous Body, 
which 1 never beheld in any ſuch Perfection before. 
It gives me great Pleaſure and Delight, to ſee the Sun 
land ſtill by ſuch a plain and ſimple S of Art: 
— One would wonder, that a Thing fo very curious in 


its Nature, and yet ſo very plain and eaſy in itſelf, ſhould 


not long ere now have been found out. 

Cleen. There ſeems to be, for the continual Entertain- 
ment of Mankind, a gradual Diſcovery both in the Works 
of Nature and Art. It is not conſiſtent with the Notions 
we ought to form of a wife Providence, that it ſhould at 
once open all the Scenes of Knowledge to the Views of 
Mankind: This would rather confound and perplex, 
than inſtru and amuſe them; and it appears, by Expe- 
rience, that _ Age, before it can be thoroughly 
inſtructed in the Doctrines of former Times, has a great 
Variety of Novelty to excite and exercife the Ingenuity 
of Men.——But to return: You have ſeen the Sun 
itſelf quieſcent through the Teleſcope ; you will, in the 
next Place, be no leſs pleaſed to ſee the Image of this 
great Luminary tranſmitted through the Teleſcope on 
the Side of the Room, as ſoon as you remove from your 
Place, I move the Screw on the Side of the Tele- 
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ſcope but a little, and you ſee the ſolar Diſk, with all 
its Spots, depictured on the Side of the Room, as motion- 


leſs as a Picture in a Frame: You may there draw the 
Circle and delineate all the Spots, and thus make a Map 
of the Sun with Eaſe and Pleaſure. | 
Euphroſ. This is a moſt curious Effect indeed, and one 
of the moſt ſublime Experiments 1 have hitherto ſeen : 
—'The Sun itſelf, the Beam, the Image, the Spots, 
are all, by this Means, permanent and fixed, and, con- 
ſequently, muſt thereby give the higheſt Satisfaction in 
all curious Enquiries of Nature, and anſwer the utmoſt 
Expectations of Aſtronomers.— But now let us adjourn 
to Tea: Iam perſuaded by this Time, you ſtand in Need 
of ſome Refreſhment.— | „ 
Cleon. I promiſed you, as ſoon as it became dark, to 
entertain you with a View of the Moon and the Planet 


Fg through this horological "Teleſcope, and we 


ave now a molt delightful Opportunity for that Pur- 
poſe :— The Evening is very clear and mild, and the Moon 
and Planet preſent themſelves fairly to the View. 

Euphroſ. We could not have wiſhed for an Evening 
more ſerene :—But your Machane, I preſume, will want 
adjuſting before I can have the Pleaſure of any lunar 
Aſpects through it. You told me the lunar Day was 
longer than that of the Sun, and that therefore the Pen- 
dulum muſt vibrate ilower to adjuſt the Clock to lunar 
Time. | | 
Cleon. This is previouſly neceſſary to be done; for, by 
the Nature of this Pendulum, the Clock may be adjuſted 
to any Sort of Time without altering its Length, or the 


Uſe of any fecondary Bob or Ball to be ſcrewed up and 


down, as in common Pendulums :—T have ſet it now to 
the Time of the preſent lunar Day : 
Epbemeris, that the Moon will culminate this Night, or 
be upon the Meridian at three Minutes after XI, there- 
fore I move the Hour-circle about till ſuch Time the 


common XII o'Clock Line cuts that Hour and Minute: - 


Thus is the Hour circle adjuſted, for the Moon. 
Then I place the Hour-Index to the preſent Moment of 
Time, which is half an Hour after VII.<— Laſtly, 


 T adjuſt the Speculum to the Moon's Declination, and 
placing the Machine due North and South, you tar 
| ng 
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find the lunar Rays, reflected from the Speculum into 
the Teleſcope, will prefent you with the Phaſes of that 
nocturnal Luminary without any Interruption from its 
Motion. You may now replace yourlelt in your 
Chair and view them, 

Bu phrof, Tis delightful, thus to ſet at my Eaſe 
and view the beſpangled Face of the Moon as long as 
I chuſe ;— I have now nothing to do but to feaſt my 
Eyes with that wonderful Variety which there appears: 
] have often viewed her dark and brighter Spots, but 


never had ſo clear an Idea of all together as now preſents | 


itfelf in this ſteady and uninterrupted View. lt 
ſeems all one, as if I viewed a real Map of the Moon 
drawn with infinite Art and Perfection. —-—As I un- 
derſtand, pretty well, the Rules of Drawing, I could 
find no Difficulty in making an exact Copy of this 
celeſtial Prototype :>—— Which brings to my Mind, 
how often I have wiſhed that ſuch a Thing as this could 


be rendered feaſible, that we might have the Pleafure of 


viewing the Moon in an adequate Repreſentation, or a 
Natural Map thereof, as I am fully convinced nothing of 
that Kind, of ſeven or eight that I have hitherto ſeen, can 
any how deſerve that Title, or be eſtecmed a tolerable 
Copy of the Moon. 
Cleon. What you obſerve is with too much Reaſon ; 
the World abounds with Maps of the Moon, and fome 
of the Sun ; but they who made the latter, one would 
naturally think were born blind; ; at leaſt, it could never 
be ſuppoſed they had ever ſeen the Face of the Sun thro” 
a Teleſcope, as there cannot well be a greater Difference 
between the uniformly ſmooth and glowing Face of the 


Sun, decorated only with a ſew ſmall Spots, and that 


ſhocking Repreſentation thereof by Father Archer, full 
of Flames and Vulcanos. Alt is too eaſy a Matter to 
view the Face of the Moon in a common Teleſcope, not 
to be able to make ſome Reſemblance of her; but ſtill 
it is evident, from all the Maps of the Moon I have 


hitherto "ſeen, that Reſemblance is ſo diſtant, and fo im- 


perfect, as to be ſcarcely allowed to be called a Portrait 
of the Lineaments and native Beauties of her Face. 
In ſhort, our Selenography is the molt impetfect Part of 


all our enn But you ſee, by this Machine, bog 


alf 
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eaſy it is to make an exact Draught of the Moon, even 
juſt as eaſy as to take a Copy of any Family Piece placed 
on the Eaſel before you. Nay, even thoſe who have no 
Skill in Drawing, by Means of a proper Lattice of 
Squares placed in the Focus of this Teleſcope, might, 
in this Manner, be able to make an accurate Map of the 
Moon. | 

Euphroſ. This noble Invention makes all the Diffi- 
eulty of conſtructing a juſt Map of the Moon vaniſh, as 
here is nothing to divert or interrupt his Pencil or his 
Fancy.—But | ſhall be too tedious, therefore haſten to 
ſhew me the Planet; for I conſider that you have done, 
as it were, double Duty this Day, and that you will not 
be a little fatigued. 

Cleon. Never fear me, my Euphroſyne : Why ſhould 
not I be able to talk two Hours, as well as ſome of your 
Sex a whole Day together. — But now for the Planet : 
the Scene muſt be altered, the Fevian Day is ſhorter than 
that of the Sun, and therefore the Pendulum muſt now 
be adjuſted to beat Time to Jupiter — Alſo, the Specu- 
lum muſt be adapted to its Declination from the Equator ; 
and as he was upon the Meridian at VII o'Clock this 
Evening, and it is now juſt turned of VIII, therefore 
I bring the Hour of VII to the Meridian Line of the 
Clock, and place the Hour-hand to the preſent Minute 
after VIII, and thus is the whole Machine, in all its 
Parts, adjuſted to view the Planet, undiſturbed by the 
Motion of the Earth about its Axis, or his own real 
Motion in his Orbit: — As ſuch you may now 
view it. | 
- Eupbroſ. I view him in perfect Serenity and Reſt : 
A charming View of his ſpacious Diſk regales my 
Sight: l ſee three of bis Moons with great Diſtinct- 
neſs; but one of them is either eclipſed or ſuffers an 
Occultation. He continues ſtill in the ſame Part of 
the Field. This muſt, ſurely, give a fait Opportunity 
for obſerving the Eclipſes and Occultations of theſe 
Satellites, and conſequently for diſcovering the Longitude, 
which, I have often heard you ſay, is more feaſibly by 
this Method than by any other. 

Cleon. Your Obſervation is very juſt : This Clock 
will be of ſingular Benefit to Mankind in that Particular ; 

: ſince, 
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ſince, in whatever Part of the World it is uſed, the 
Longitude of that Place will be hereby diſcovered with 
the utmoſt Eaſe and Certainty. In ſhort, from the 
Nature of the Thing, it is moſt evident, that no aſtro- 
nomical Obſervations can. be made with Eaſe and Exact- 
neſs by any other Means than this, which will be ſufficient 
to recommend it to all the Studious in natural Science, 
as an Object of the greateſt Curioſity and Utility to 
Mankind. Having thus given you a particular Ac- 
count of all the uſeful Conſtructions of optical Inſtru- 
ments, I ſhall endeavour to prepare you, at the next 
Opportunity for perceiving the infinite Wiſdom in the 
Conſtruction of the Organ of Sight, or Viſion, in the 
natural Mechaniſm of the Eye, by a few previous Spe- 
22 on the Nature and Efiects of ſingle Glaſſes or 
nſes. | 


1 K | 8 


DIALOGUE III. 


On the NATURE and Us ES of SINGLE 
. LeN$SES, both Convex. and Concave, applied as 
READING-GLASSES, ViSUAL-GLASSES, 
and BURNING < GLASSES, 


Euphroſyne. 


proaching towards an Enquiry into the natural Con- 
ſtitution and Mechaniſm of the Eye, which you propoſe 
to explain to me, by a Diſſection of the fame, and a 
particular Account in what Manner every Part is con- 
ducive to fo noble an End ;——But you tell me, I muſt 
be previouſly acquainted with the Uſe of ſingle Glaſſes, 
the better to comprehend the ſame ; and accordingly I fee 
you have a great Variety of conyex and concave Lenſes, 
Spectacles, c. ſpread e me on the Table. 185 
Clean. I have provided ſuch an Aſſortment only as will 
be neceſſary for you to know the Uſes of, as Reading- 
Glaſſes, or ſuch as aſſiſt the Sight by a ſingle Application 
of them to the Eye. — But here I do not ſuppaſe 
| N 1 * 


WE gives me the greateſt Pleaſure to find we are ap- 
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you are ignotant of the Nature of a convex Glaſs in ge- 
neral, or of its Ufes in the Conſtruction of optical In- 
ſfruments, which T have exempliffted to you in fo many 
Cafes, — —— You very well know, that if an Object be 
placed on one Side of ſuch a Lens, at more than its focal 
Diſtance from it, the Rays, proceeding from every Point, 
diverging upon the Glaſs, will be refracted rhrough it, 
converging. to ſo many Points on the other Side, which 
form, the Image thereof. You have alfo been taught, 
that when an Object is placed juſt at the focal Diſtance 


of the Lens, the Rays will then be refracted parallel to 


each other, and thereby fitt-d to produte diſtin Viſion of 


- ſuch an Object: This yu hid an Inſtance of in thoſe very 
ſmall Lenſes which ate uſed jn-fingle Microfcopes: ——, 


But there is one Cafe yet remaining, in which both con- 
vex and concave Lenſes become extremely uſeful to Man- 
kind, which has not yet been explained: And that is, 


when the Object is placed between the focal Point and the 


. Glaſs itſelf. * 
Euphroſ. This Cate 
be yery, much pleaſed to know in what Manner theſe 
Glafſes are rendeted ſerviceable to us in this Reſpect . 
When an Image is formed of an Object, by a Lens, 1 
can eaſily conceive how that Object may be contemplated 
in its Image; alſo, I know, that when an Object is 
placed in the Focus of a Lens, it becomes in itſelf there- 
by viſiblez——but when it is placed nearer to the Glaſs 
than its Focus, I have no Idea which Way the Object be- 
comes magnihed to the Sight. oo 90 Os JF 
Clean. Yet this you muſt; underſtand before you can be 
properly faid to know the Theory, or Rationale of à com- 
mon Reading glaſs, Which, you know by Experience, has 
a magnifying. Power, and may be as properly called a 
Megalafſeote for magnifying large Objects, as very ſmall 
Lenſes are called 17:cro/copes for magnifying ſmall ones. 
Thus, the Page of a Tmalf printed Book may; in itſelf, 
be conſidered as a large” Object, while the Words and 


wy 
1 * 


Letters are too ſmall to be eaſily read by a good Eye, and 
not at all by one whoſe Sight is rendered in any Degree 


deficient by Age, or other Accidents: But When a large 
Convex Glaſs, in this Caſe, is applied between the Book 
and the Eye, the Page becomes greatly dilated to the View, 

| | and 


e is indeed new to me, and I ſhould 


enter 


will t 
Diſta 
Diſtar 
from 


r wut” 
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and the ſmall Characters appear as a large and eabily legi-- 
ble Print. > 


| Eupbroſ. All this I know very well, as I am oftentimes 
obliged, in cafe of ſuch very ſmall Prints, to make Ule 


of a Reading glaſs myſelf ;. but how this magnifying. 


Power is produced, I am {till at a Loſs to apprehend, and 
muſt beg of you to explain. EO, | 


Cleon. This J will do in the beſt Manner I can; but 


it muſt be by a Diagram, as no real Image of an Object 
is, in this Caſe, formed any where but in the Eye: Lo 


this End, therefore, let E C D be ſuch a Reading-glals, 
or Convex Lens, and let F be the Fecus in the Axis F N; 


on C the Center of the Lens, with the Diſtance. C F, 


deſcribe the Arch of a Circle QF P, draw, the right. 


Lines O C and PC, making any Angle with the Axis 
F C on cnther Side; then, in the Line Q C, let any 
Point, A, be taken, and from that Point let the Lines 


A E, and A D be drawn; to repreſent two diverging 
| Nov, 
you know, it is the Property of a Convex Lens to bring 


Rays iſſuing from that Point on the Convex Glaſs, 


diverging, Rays, which fall upon it, nearer after Refrac- 


tion, and therefore the Rays A D and AE, initead of 
purſuing their firſt Directions to I and L, will, by the. 
Lens, be refracted nearer together, viz into the Direc- 
If then theſe Lines D K and 


tion D K and EM: | | 
E M, as they are inclined to each other, be continued 
out, they wall meet in a Point G in the Line QC. All 


this, I ſuppoſe, is very plain. from the Figure, my Eu- 


phy 7 /yne. 


Eu href. So very plain, that it can admit of no farther 


Explication, But what am J to infer from thence? 


Cleon. This much, that the Point A, being not far 


from the focal Diſtance Q, will cauſe the diverging Rays 


Al and A L, after Refraction into D K and E M, to be 


not much different from parallel Rays, and therefore will 
produce diſtinct Viſion of the ſaid Point A ; — But 
then the apparent Place of the Point A will be much al- 


| tered ; for ſince the two refrafted Parts DK and EM 


enter the Eye, as if they came from the Point G, they 


will there repreſent the Point A; ſo that the apparent 


Diſtance of that Point will be much greater than the real 
Diſtance C A. This, I ſuppoſe, you. can likewiſe ſee 
irom the Diagram ? . 
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Eupbroſ. Nothing is more evident; and at the fame 
Time Lobſerve, from your Drawing, that on the other 


Side of the Axis the Rays proceeding from the Point B 


will, after Refraction, repreſent that Point at H. 

Cleon. Your Inference is juſt; and 1 ſee, by that, you 
have a clear Idea in what Manner the Points A and B 
are removed to the Diſtances G and H reſpectively from 
the Glaſs z. and that therefore all the Space contained 
between A and B will be expanded into the Length, or 
Space contained between G and H; and conſequent!y 
any Objects contained between A and B will be enlarged 
in Appearance, in the Proportion of the Diſtance be- 
tween A B to the Diſtance between G H, that is, in the 
Ratio of AC to GC: and conſequently, if the Page of 


a ſmall printed Book be placed at the Diſtance of AC 


from the Glaſs, and parallel to it, the, Words, or Print 
of that Page, will appear enlarged in the ſame Proportion 
as GC is larger than A C, with reſpect to their Diame- 
ters or lineal Dimenſions : But the whole Area, or Sur- 
face of the Page, will be enlarged or . magnified in Pro- 
portion as the Square of A C is to the Square of G C. 
Eupbroſ. This I ſee very plainly illuſtrated by the 
Words, God ſave the King, in ſmall Print between A B, 
and in much larger Characters between G H.——Pray, 
Cleonicus, is there any general Rule to be obſerved, for 
holding the Reading-glaſs, with Reſpect to the Eye and 
the Print? | | 

 * Cleon. There is, my Euphbroſyne : For by the 
Mathematical Theory we learn this Rule, the Di/tance of 
the Objeft A C and that of its magnificd Appearance G C, 
is always in the Proportion of the Diſtance of the Object from 
the Focus AQ, ts the Diſtance Q C of that Focus from 
the Glaſs ; and, ' confequently, from hence you will ob- 
ſerve, the leſs A Q is, or the nearer the Object is held to 
the Focus of the Glaſs, the more it will be magnified ; 
and ſince the Rays paſſing through the Glaſs differ but 
little from parallel Rays, it will give a diſtin View of 
the Object ſo magnified ; and by moving the Glaſs one 
Way or the othet ever ſo little, you will immediately find 
the Poſition of the Object, and the Glaſs where the 
Field of View and magnifying Power will beſt ſuit the 
Eye. But this is a Point which we are directed to by 
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Nature, without any Rules of Art. And this, I think, 


is as much as I can ſay with regard to the Nature and Ule 

of a READING-GLASS. | 
Euphroſ. Is there nothing particular with reſpect to the 

Size, or focal Length of thoſe Glaſſes, by which we 


O ; 


may be directed in the Choice of them? 


Clean. Yes, moſt certainly; for if it be propoſed to 
read with both the Eyes, then, in ſuch a Caſe, the 
Glaſs muſt be ſufficiently large to tranſmit the Rays 
from the Object to both the Eyes, and, confequently, 


ought not to be leſs than three Inches in Diameter: 


| The elliptic Form is alſo preferable to a round 
one, in a Reading glaſs: —and, laſtly, the longer 


the focal Diſtance, the leſs irkſome is the Effect to the 


Eye. But in this Reſpect, the Eye muſt be conſulted, 
and the magnifying Power of the Glaſs mult be ſuch as 
is required, Fee 
Euphroſ. What is the Difference between theſe large 
Reading-glaſſes and Spectacles, or Viſual Glaſſes, as you 
call them. f 
Cleon. The Nature and Effect of both are much the 
ſame, only the Viſual Glaſſes, being diſpoſed in a pro- 
per Frame, may be, in different Ways, applied to the 
Eye, without being held in the Hand; and, therefore, 
leaving both Hands at Liberty, they are much better 
ſuited to all Occaſions of Reading, Writing, Working, 
&c. than a manual Glaſs can be. —hBeſides, the 
Viſion is more diſtin& and perfect through two Glaſſes, 
than by one alone; becauſe the Axis of each Glaſs, 
when they are properly fixed in their Frames, may be 
made to coincide with the Axis of each Eye reſpectively; 


and therefore the Rays of every Viſual Pencil will be 


much more naturally refradted to the Eye, than they 
can be through a fingle Glaſs, where only the collateral 


Rays of ſuch Pencils can enter the Eye, by which the 


3 can be neither ſo eaſy or perfect as in the former 
aſe. FO 

 Euphroſi But what is the Reaſon of this black Circle 
or Ring of Horn about the Glaſs ? : 
Cleon. There is more Reaſon for this than many 
Perſons are aware of : the Pupil of the Eye -is but ſmall, 
and no more Light can be of Service to Viſion, than What 


N 
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enters that Pupil : a Spectacle-glaſs, therefore, but little 
bigger than the Pupil of the Foe. would be ſufficient 
for converging a Pencil of Rays to the Eye as large as 
that which now enters it from the wideſt Glaſs; there- 
fore all that Part of a Pencil, ſo very large, as falls on 
ſuch a Wide Glaſs, muſt, by far the greateſt Part, be 
loſt upon the Eye: but that is not the worſt Conſequence 
of a broad Glaſs; the great Quantity of Light which 
falls upon the Ball of the Eye cannot fail, by ſuch a 
conſtant Suffuſion, to diſturb and render Viſion indiſtinct, 
by that which really enters the Eye : not only ſo, but 
the conſtant Action of Light upon the Ball of the Eye 
muſt have a ſenſible Effect, in Time, in weakening the 
ſame, and produce, gradually, thoſe Changes and Alter- 
ations in its Texture as muſt be attended with Uneaſineſs 
to the Perſon, and injurious. to all the Purpoſes of 
Viſion. Therefore, to prevent, as much as poſ- 
ſible, ſuch bad Effects, the circular Zone, or Ring of 
Horn is applied on the Out- ſide of the Glaſs, to cut 
off ſo much of the collateral Rays, or hurtful Part of 
Light : and were this Rim broader, arid of Courſe the 
Glaſs narrower, it would ſtill conduce more to the Per- 
fection of Viſion : But as there is no Convenience with- 
out an Inconvenience, the making the Glaſs narrower 
would be apt to contract the Field of View too much ; 
the Diameter, therefore of the Glaſs muſt be left fo 
large as will admit of a ſufficient Extent of View, for all 
the Purpoſes required; and allFthat is more, is detrimental, 
and ought to be excluded. | 
_ © Euphroſ. I have no Occaſion, as yet, to experiment 
the Truths you have been now advancing ; but 1 judge 
of their Reaſonableneſs from the Structure of optical 
Inſtruments, and from the Make of the Eye itſelf ; for in 
all Microſcopes, 'Teleſcopes, &c. I obferve a Diaphragm, 
or Stop is placed in the Focus of the Eye-glals, to 
circumſcribe the View within proper Limits: And alſo, 
the Apertures of Object Lenſes adjuſted to a peculiar and 
determinate Size, for Admiſſion of one requiſite Degree 
of Light, in order to produce diſtin Viſion in thoſe, 
Inftruments: And I make no Doubt that the ſame Reaſon 
holds, for the ſmall Size of the Aperture, or Pupil of 
the Eye itfelf :>— —But as I ſhall, at other Times, 
-v | , diſcouiſe 
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diſcourſe with you farther on this Subject, you will give 
me Leave to aſk one Queſtion concerning concave Lenſes : 
How they become ſo uſeful to ſhort-ſighted People, as I 
find they are uſeful to them only ? WS | 
Cleon. The Nature and Uſe of thoſe Lenſes will be 
better underſtood; after you haye ſeen a Diſſection of the 
Eye ; and then the Uſes of .theſe, and alſo of Convex 
Glaſſes, will be exemplified with Experiments of an 
gh E.. | : . 
 Euphroſ. Are there any other conſiderable Uſes to be 
made of convex, or concave Lenſes? b 15 

Cleon. There is one of a very extraordinary Nature, 
viz, the Power of BURNING, which is the Effect of very 
large convex Lenſes, and concave Speculums; this 
they perform by converging the Sun's Rays into a very 
ſmall Space, or into what we may properly call the ſolar 
Spot, or Image of the Sun: And it is well known the 
ſmaller the Space is into which a given Quantity of 
Rays can be collected, the more denſe they will be, 
wo conſequently the more powerfully they will act or 

urn. i 

Euphroſ. I have heard much concerning the wonderful 
Effects of Glaſſes of this Kind, with Reſpect to their 
burning Power; but have ſeen little or nothing of it 
more than the common Experiment of lighting a Pipe, 
or making a Piece of Wood ſmoak with a common 
Burning-glaſs. . | SO. 

Cleen. Theſe are triſling Effects to what are produce- 
able by theſe Kind of Glaffes. But as I know you will 
not be ſatisfied with the mere Relation of Facts, though 
of ever ſo wonderful a Nature, without ſome previous 
Ideas of the Reaſon and Cauſe of them, and, as in this 
Caſe, it is not very difficult to be underſtood, I ſhall 
give you the following conciſe Rationale thereof: — 
Tou have ſeen that every Object has its Image formed 
by a convex Lens, and concave Mirror, in its Focus; 
accordingly, the Sun itſelf will have its Image produced 
of a ſenſible Magnitude, becauſe, as I have formerly 
told you, the Object and its Image ſubtend equal Angles 
at the Glaſſes ; and therefore, becauſe the Angle under 
which the Diameter of the Sun appears is full half a 


Degree; therefore, alſo, the Image of the Sun wilf 
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ſubtend an Angle of halfa Degree at the Glaſs : Had 
the Sun been at an infinite Diſtance, it could have ſub- 
tended no ſenſiblę- Angle at all, and its Image would 


have been a Point in the Focus of the Glaſs ; but that 


is not the Caſe; for, in the Focus of all Glaſſes, the 
ſolar Spot, or Image, is of a ſenſible Magnitude, and 
may be meaſured and compared with the Area of the 
Glaſs itſelf. 

1 If J underſtand you right, all the Rays 
which fall upon the Surface of the Glaſs are collected 
into that circular, and very luminous Spot, which we 
call its Focus, and then the Rays of Light will be 
denſer in that Spot, in Proportion, as the Surface of 
the ſaid Spot is lels than the Surface of the Glaſs ; and, 
conſequently, their Diſpoſition to burning. But what 
will be the moſt convenient Method of meaſuring this 
ſolar Spot? | | 


Cleon. You may very readily hold a Box-ruler, divided 


into Inches and Tenths, and thereby eſtimate the Diame- 
ter of the ſolar Spot in Tenths of an Inch: But this 
Method will not do in all Caſes, I ſhall therefore propoſe 
one that will. ———I happens very luckily, that, with 
the Radius or Diſtance of ſix Inches, one Degree is very 
nearly equal to re of an Inch; therefore, at the focal 
Diſtance of 12 Inches, half a Degree will be equal to 
+, of an Inch, or that will be the Diameter of the 
ſolar Spot of a Lens whoſe focal Diſtance is 12 Inches. 
[Nov this Spot in a Lens of twice, or three 
Times that focal Diftance, will be twice or three 
Times as large; ſo that in a Lens of four Foot Focus, 
it will be re of an Inch, and ſo on for other Lengths in 
Proportion. | 


Eupbroſ. This I clearly apprehend but what is your 


Inference from hence ? 
Clean. When the Diameters of the Glaſs and ſolar 
Spot are known, then alſo the Proportion of their Sur- 
faces are known, being always in Proportion as the 
Squares of thoſe Diameters. Thus, for Inſtance, if a 
Lens be four Inches in Diameter, and its focal Diſtance 
12 Inches, then will the Diameter of the Spot be s of 
an Inch, as I ſaid before: But in the Diameter of the 
Glaſs there are? of an Inch, therefore the Area of the 
- ſolar Spot will be the Area or Surface of the Glas, 
28 
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as the Square of one to the Square of 40; that is, as 
one to 1600: Therefore the Denſity of the Sun-beams, 
in the ſolar Focus, will be 1600 Times greater than that 
of the ſolar Rays falling upon the Glaſs: And hence you 
may plainly perceive the Reaſon why a Lens no more 
than 4 Inches in Diameter will yet prove ſo powerful a 
Burning-glaſs, as you obſerved it in the Inſtances you juſt 
now mentioned. | 

Euphroſ. I now begin to ſee plainly the Reaſon of the 
Effects of Lenſes and Mirrors, in regard to burning; and 
I alſo apprehend, that this Power of burning will increafe 
in Proportion to the Square of the Diameter of the Glaſs, 
while the focal Diſtance remains the fame. 

(leon. It will ſo : 'T hus, ſuppoſe the forementioned 
Glaſs of 12 Inches focal Diſtance, were 6 Inches, or 48 
of an Inch, in Diameter, then will its Power of burning 
be to the former as 3600 to 1600, or more than twice as 
great, becauſe more than twice the Quantity of Rays fall 
upon this larger Glals. | | 

Euphraſ. But ſuppoſing the Surface of the Glaſs con- 
tinue the ſame, but has a leſs focal Diſtance, then will 
the ſolar Spot be likewiſe leis; and, conſequently, the 
ſame Quantity of Rays being collected into a ſmallet 
Space, will act, or burn more vehemently: Therefore, 
alſo, the Power of burning muſt be greater in Propor- 


tion as the Area of the ſolar Spot is leſs. Is not this 


right, Cleonicus! 

Cleen. Extremely ſo: You reaſon like a Mathema- 
tician. he true Ratio is, the Diameter of the 
ſolar Spot being always as the focal Diſtance, the Area 


thereof will be as the Square of its Diameter, and con- 


ſequently as the Square of the focal Diſtance of the 
Glaſs: Therefore we collect this general Rule, the Power 
of burning in any Lens is proportioned ta the Square of its 

iameter directiy, and the Square of its focal Diſtance 
inverſely : And from hence it will be very ealy to compare 
the burning Powers of any Lenſes whoſe Diameters and 
focal Diſtances differ. 

Eupbroſ Pray, what are the largeſt Size Lenſes uſually 
made for this Purpoſe ? 

Clean. They ſeldom exceed 7 or 8 Inches in Diameter; 
and are from 3 to 4 Feet Focus; and iuch a one you 
here ſee ; The Diameter of this is 8 Inches, and the 
d Focus 
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Focus 3 Feet diſtant, therefore the ſolar Image will be 


of an Inch Diameter: And, as there are $2 of an 
Inch in the Diameter of the Glaſs, it will condenſe the 


Rays in Proportion, as the Square of 80 to the Square of 


3, that is, as 6400 to 9, which is little more than 700 


to 1. Whereas I obſerved to you before, that the Power 
of a common Burning-glaſs, no more than half this in 
Diameter, and whole focal Diſtance is but 4, had a Power 
of burning as 1600 to 1, which is more than twice as 
great as this very large Lens 1s capable of, which Inſtance 


I give to ſatisfy you, that as much may be done by 
ſhortening the Focus of the Lens as by increafing its 
Diameter or Surface. 


But, when the Diameter of the 
Lens is very large, it will require a very extraordinary 
Thickneſs of Glaſs for grinding them to a ſhort ſocal 
Diſtance, ſufficient to render them burning-glaſles in any 
conſiderable Degree. | ; | 

Euphroſ. But, pray, Cleonicus, is there no Method of 


combining two of theſe Lenſes together, to increaſe their 


- 


Power of burning ? | 
Cleen. Yes, my Euphroſyne, there is; for if a Lens of 


6 Inches Diameter and one Foot focal Diſtance, and 
another Glaſs 4 Inches Diameter and 6 Inches focal Di- 


ſtance, were put together at a proper Diſtance, the Rays 
of the Sun, collected to a Focus by them, would be 


more denſe, and burn more powerfully than they could 
be made to do by any ſingle Lens: 


| | But there is no- 
thing of this Kind that can compare with a concave Mir- 


xor in this Reſpect; for, in theſe Mirrors, the ſolar focal 
Diſtance is never more than half the Radius of Conca- 


vity; and what ſtill adds to the Intenſity of their burn- 
ing is, that the Aberration of the Rays, in the Focus, 
ariſing from the Figure in the Glaſs, is not near ſo great 
as in the Focus of a Lens of the ſame focal Diſtance in 
Diameter... 1 . 

Eupbroſ. Since concaye Speculums are in their own 
Nature ſo well fitted for Burning-glaſſes, I preſume, the 
Ingenuity of Philoſophers muſt have been exerciſed in 
various Ways, to render this Invention as extenſive and 


powerful in its Effects as they poſſibly could. 


Cleon. No Pains has been ſpared, by ingenious Artiſts 


in the optical Way, for conſtructing theſe burning Spe- 


culums 
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culums of different Kinds, of which I ſhall mention to 
you four of the principal Forms. The (1) is an entire 
concave Glaſs, but of very large Diameter, and as ſhort 
a focal Diſtance as poſlihle. (2.) A very large ſpheri- 
cally concave Frame, in which are placed ſeveral leſſer 
concave Speculums, of the ſame Radius with that of the 
Frame: Theſe, truly fixed, will have all their Focuſes 
thrown upon one common Focus in the Axis of the 
Frame, which, of Courſe, muſt burn to a prodigious 
Degree. (3.) In ſuch a large Frame, they have alſo 


contrived ro fix plain Glaſs Speculums, which, being 


duly adjuſted by Screws, will throw all the Sun's Rays 
which fall upon them into one common Part of the 
Axis of the Concave Frame, which, there making a 


Sort of Focus, will burn very intenſely. (4) Any large 


concave Frame, as before has been deſcribed, with a 
ſmooth poliſhed Surface of ſuch Matter as will ſtrongly 
reflect the Rays of Light, and has been found to anſwer 
extremely well. 
EEuphroſ. Have you ſeen thoſe ſeveral Kinds of Specu- 
Jums which you now mention? 

Cleon. I have ſeen of the firſt and ſecond Sort; but 
never any of the third and fourth: —But of the firſt 


Sort, 1 bave never ſeen any ſo large as to deſerve particular 


Mention at this Time: Thoſe of 2 Feet, or 2 Feet and 
Z in Diameter, are the largeſt that are commonly made, 
and are much more uſed for optical Purpoſes than for 
Burning-glaſſes, as their focal Diſtances are not ſhort 
enough to anſwer the Purpoſe of burning ſo much as 
might be expected from ſo large a Surface: However, all 


of this Kind, that are in any Degree large, burn very 


intenſely, eſpecially with a Summer Sun. | 
 Euphreſ. ; And what have you known of the fecond 
Form of Speculums, which you mention; which, I think, 
may be called compound Burning: glaſſes? 

Cleon. They are very properly ſuch; but all that T 
know of them is, that they have been made of a very 
large Size, one of which, in particular, contained 
about 30 very large ſquare concave Speculums, not leſs 
than 20 by 24 Inches, if I remember right: This very 


large concave Speculum was placed at the Lop of a 


Houſe, viz, at the great Toy-fhop the Corner of St. Paul's 


4 Church. 
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Church-yard, moveable upon an Axis, to render it of 


more convenient Uſe : But as to its Effects, though they thi 
muſt have been ineredibly great, I do not remember to we 
have had any particular Account of them, any more than in Fit 
ne Inſtance, dz, that a large Bar of Iron would inſtantly | 
bo melted aſunder in its Foeus. | ſuc 
Euphroſi That was a prodigious Effect, indeed; cer 
and I wonder very much, that the World has not been wh 
more apprized of the ſtupendous Eſſects of a Con- adj 
cave burning Speculum of ſuch an amazing Structure. by 
| Pray, what do you know of the third Sort you Fir 
mentioned, compounded of plain Speculums. inflead of Bu 
toncave ones? | | . 
Cleen. This is but a late Invention; the principal red 
Inſtrument of this Sort was made by Mr. Buffon, which mat 
was 6 Feet in Diameter, and contained 168 ſmall Mirrors, us; 
or flat Pieces of Looking-glaſs, with proper Movements Ler 
for adjuſting them to a common Focus: They were each * 
of them 6 Inches ſquare.— But what is peculiar to of ſ 
this Contrivance is, that we have it in our Power to make Pra- 
the focal Diſtance greater or leis, and, conſequently while Wr 
the Frame remains in the ſame Place the Glaſſes may be (6 — 
adjuſted and diſpoſed as to throw their common Focus wha 
upon the Object intended for. Accenſion. 1 whi 
Eupbroſ. Ns muſt be a curious Artifice moſt cer- Sun. 
tainly; but I ſuppoſe the Difficulty and Expence of ſuch And 
an Apparatus, for this Purpoſe, is not inconſiderable:— Wat 
But, pray, has it been brought to any great Perfection, it ve 
or has any very conliderable Experiments been made ther. 
c ett. 5 Act 
Clean, It is ſaid, that Mr Buffon, in the Month of fame 
March, ſet on Fire Boards of Beach-wood, at the Di - conv 
ſtance of 50 Feet: At another Time he burnt Wood glaſſ 
at the Diſtance of 200 Feet: He alſo melted Tin and is no 
Lead, at the Diſtance of 120 Feet; and Silver, at 50. RUS: 
But, as you rightly judge, the Expence of ſuch 4 he | 
compound Speculum muſt be vety great, fince each ſmall payit 
Speculum had no leſs than three adjuſting Screws to give Man! 
it a proper Inclination, for directing the ſolar Rays to any =. 
given Point, and the whole Machine is moveable by a caries 
Swivel-like Contrivance ; fo that one may burn horizon- Nire 
tally, upwards, or downwards, and that almoſt at anf 80 


Diltance one pleaſes, 


YT ß * 


AND LADY' PHILOSOPHY. 226 


Euphroſ. One would think ſuch an Inſtrument as 
this ſhould prove dangerous, eſpecially near the Sea-ſide; 
were Ships in the Harbour might be liable to be ſet on 
Fire by it. 8 | 8 8 

Cleon. Your Obſervation is ſo far rational, that, if 

ſuch a Machine could be conveniently made, it would 
certainly be of Uſe to every Town liable to a Stegez 
whether by Sea or Land, eſpecially if the Time for 
adjuſting the Lenſes were not very tedious. It is related 

| by ſeveral Hiſtorians, that ARCHIMEDES did actually ſet 
| Fire to the Roman Fleet, at the Siege of Syracuſe, by a 


Burning-glaſs; and that the Navy beſieging Byzantium: 
Was, by aBurning-glaſs under the Direction of PrRocr vs, 
; reduced to Aſhes. But what Sort of Glafles the Ancients 


made Uſe of for this Purpoſe, Hiſtorians do not inform 
; us; but, very probably, they were not Speculums, but either 
Lenſes or burning Spheres. | | 
] Euphroſ. Then you really think that Burning: glaſſes, 
of ſome Sort or other, were in Uſe among the Ancients ? 
> Pray, what Account do you find of them among the 
: Writers of Antiquity ? 0 | 
) Uleon. I can ſay but little on that Head: Pliny mentions 
3 what he calls Balls, or Globes of Glaſs and Cryſtal, 
which were made Uſe of by Surgeons, who collected the 
Sun-beams with them in order to cauterize their Patients: 


es "_ 


1 And Ladtantius tells us, that a Glaſs Globe, filled with 

Water and held up to the Sun, would kindle a Fire even i: 
5 it very cold Weather: But, to paſs by other Inſtances, _ In 
e there is one very remarkable in the firſt Scene of the ſecond = 

Act of Ariftophanes's Play, called The Clouds, which the | 1 
If famous Mr. De la Hire makes no Doubt is a full and i 
' convincing Proof of the Uſe of Lenſes, as Burning- 1 
d glaſſes, among the Ancients ; and, becauſe the Paſſage - Wi 
d is not long, I ſhajl read it to you out of that Author: 1 
), ——Strepſiades, an old ſtupid Fellow, tells Socrates, B84 
a he had found out an excellent Contrivance againſt 1 
ll paying his Debts; and is introduced ſpeaking after this 1 
ve Manner; | | _ 
* . STREPSTADEs. Have you never ſeen, at the Apothe- Fit 
a wt, that fine tranſparent Stone with which they Kindle 1 
15 Fire? | | . 
1 SOCRATES. Do you mean that Glaſs? 4 


1 
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STREPSIADES. Jes. 

SOCRATES. Bring it; what then? 

STrREPSIADES. Il ben the Attorney hath wriften aa 
Action againſi me, I will take this Glaſs, and, ſtanding at c 
Diflance in this Manner again/t the Sun, I will melt down 
the Letters of my Action. | : 

-. SOCRATES. Cunningly done, bythe Graces. 

The Scholiaſt upon this Place ſays, this Glaſs was a 
Trochoide, which implies, that it was round likea Wheel, and, 
therefore I think very plainly indicates its being of a len- 
ticular Form, and not a complete Globe. 

Euphroſ. Well, this has pretty well gratified my 
hiſtorical Curioſity : Tell me next, what you know dr 
of the fourth Kind of Burning-glafles. 


noa 


2 


Cleon. With reſpect to the Power of Burning, they in 
are the moſt celebrated of any, concerning which, we 
have ſeveral curious Anecdotes; for Mr. Boyle made one _ 

the 


of theſe, of black Marble, of a very large Size; but, 
though well poliſhed, yet, being of a black Colour, it 
would not ſet Fire even to Wood, though expoſed a 


long Time in its Focus; which plainly ſhews how ſmall in 

a Quantity of Light is reflected from black Subſtances. & 
—On the, other Hand, we read of a Burning-glaſs C 
{if we may ſo call it) that was made only of a ſmooth 64 
Concave Surface, and overleaved, or finneered, as it 1 
were, with white Straw, made by an Halian Artiſt, which dro 
had a prodigious Effect in burning from the Light re- 1 
flected from ſo large a Surface and natural poliſh of Straw. Fe I 

r. 


But the moſt remarkable of all theſe Sorts of Mirrors 
Was that of the celebrated Mr. Villette, which was 3 
Feet 11 Inches in Diameter, and its focal Diſtance was 
3 Feet and 2 Inches: It was a Compoſition of Tin, 
Copper, and Biſmuth, ſomewhat like the Metals we 

now make for reflecting Teleſcopes; it was a white 

1 | Metal, and bare a very fine Poliſh, and therefore, from 

= ſo large a Surface and ſo ſhort a focal Diſtance, it is no 
| Wonder if we find its Power of burning, melting, 


A calcining, and vitrifying Bodies very extraordinary 
| indeed. 1 _ 
4 Euphroſ. I wiſh I could get Information what ſome 


of thoſe Effects might be, for I have a great Inclination 
to be ſatisfied about every Thing in regard to the 
Vonder ful. 
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Cleon. In this you are not particular, my Eupbroſyne 3 5 


it is a Kind of univerſal Paſſion that, more or leſs, affects 
all Mankind; Things of an uncommon and extraordinary 
Nature never fail to ſtrike us with agreeable Pleaſure and 
Surptize: And as Burning is in itſelf one of the moſt 
exquiſite Actions of Nature, the following Experiments 
made in Relation thereto, cannot but give you the bighelt 
Satisfaction: A Catalogue of ſuch as are moſt remarkable 
1 ſhall here rehearſe to you. 

1. A red Piece. of Roman Patera (or Tile) began to 
melt in 3”, and was ready to drop in 100”. 

2. Another black Piece melted at 4”, and was ready to 
drop at 64%. 

3. Chalk taken out of an Echinus Spartagus fled away 
in 33”. 

7 A Foſſile ſhell calcined in 5% 

5. A Piece of Pompey's Pillar at Alexandria vitrified i in 
the black Part in 30%, and in the white Part in 54”. 

6. Copper Ore vitrified in 8“. 


7. Slag, or Cinder, of ancient Iron-work, ready e to run 


in 29 2“. 


8. lron Ore fled at firſt, but melted in 24”. 

, 9. Tale began to calcine at 40”, and held in the Focus 
4 * 

10. Calculus humanus was calcined in 2”, and only 
dropped off in 600. 

Ii. A great Fiſh's Tooth melted in 32 }”. 

12. The Aſbeſtos ſeemed a little condenſed in 287 and 
Mr. Villette ſays, the Glaſs uſually calcines it. 


13. Marcaſite of Gold broke to Pieces, and began to 
melt in about 30”. 


14. A Silver Six-pence melted in 7 2“. 
15. A Copper Half-penny (of King William 's) melted 


in 20”, and ran with a Hole in 30”. 
16. A King George's Ditto, melted in 16, and ran 


W484, 


I7. Tin melted in 35 
18. Caſt-Iron melted in 16“. 
19. Slate melted in 3, and had a Hole in 6”. 
20. Thin Tile melted in 4”, had a Hole, and was 
yitrified in 80“. a 


31. Bone calcined in 4”, and was vitrified in 33”. 
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22. A Diamond, weighing 4 Grains, loſt 7 of its 
Weight. | | N | 

Eupbroſ. Theſe are wonderful Effects indeed, to 
think that the Aſbeſtos itſelf, which no common Fire 
can injure, ſhould yield to the calcining Force of this 
Burning -glaſs.—1 ſuppoſe you have the ſame Method 
of computing the Force of this Glaſs, as before of the 
Lenſes? 

Cleon. The very ſame; and by Computation it appears, 
that the ſolar Beams are condenſed by this Speculum 
upwards of 17,000 Times, and that the Heat in the 
Focus of this Glaſs will burn with Intenſity 433 Times 
greater than that of common Fire; and therefore no- 
thing is an Aſbeſtos, Amianthus, or incombuflible Subltance 
in the Focus of ſuch a Speculum.—————It may be in 
my Power one Time or other, to repeat theſe Experi- 
ments, and verify them by ocular Demonſtration ; but, 
at preſent, you muſt be content with a.mere Narration 


. 10 


% 


The NaTvre and STRUCTURE of the Eyk ex- 
plained, with regard to perfeft Vision, by an 
anatomical DissECTION Zhcreof. | 


 Cleanicus. 


— 


F all our Senſations, thoſe of Viſion have been 
ever eſteemed of the ficſt Order: It will therefore 
be no unplealing Speculation to my Euphrojyne, to be 
entertained with a ſhort Narrative and Explication of the 
natural Mechaniſm of the wonderful ORG AN of SiGHr, 
and what the proper Office of each conftituent Part is, 
or how far it conduces to perfect this moſt exquiſite of 
all our Senſes. | | | 
Euphreſ, I am tranſported with the Thoughts of 
being in any Degree capable of underſtanding the Princi- 
ples upon which the Structure of fo noble an Organ 
depends; the component Parts of the Eye, I preſume, 
| you 
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I intend to biz, by a Diſſection of thoſe. Eyes which 


ſee you have here prepared; and, as I have never yet 


feen any Thing of this Kind, the Inſtructions I ſhall g 


receive will be both novel and improving iu the higheſt 


Clean. ] do not propoſe to trouble you with an ana- 
tomical Account of the great and wonderful Apparatus 
of Muſcles, wherewith the Eye is furniſhed for all 
neceſſary and convenient Motions ; this being only a 
collateral . Conſideration, or 6 of the princi- 
pal Object we are at preſent intent upon, which is the 
Faculty of natural Viſion: For though the Eyes of 
many ſmaller Kinds of Animals, as in moſt of the inſect 
Tribes, are hxed, yet they are ſo diſpoſed, that Motion 
in them is rendered unneceffary, as they can ſee all 
around them without: But as the Eyes of moſt Animals, 
and particularly our own Species, are both in Front, and 
we could look only directly before us, provided there 


was no muſcular Motion, it became neceſſary to conſtruct 


the Eye with a Variety of Muſcles to give it Motion, in 
all Directions, in the vitible Hemiſphere before us; and 
one Thing I mult not omit to obſerve, that as it is 
ſometimes neceſſary to have an oblique Motion of the 
Eye towards. the Noſe, and there being no Room on 
that Side for Muſcles, as on every other Part, provident 
Nature (which is never at a Loſs for Means to accompliſh 
her Deſigns) has contrived a ſmall Bone on the Side of 
2 Noſe, with a ſmall Perforation, or Hole to ſerve as a 

vlley through which the Tendon of a Muſcle paſſes to a 
convenient Inſertion, and thereby ſuch an oblique Motion 
is given to the Eye, which would have been otherwiſe 
impoſſible. 

One would think it was impoſſible that any 


Perſon who coatiders this, or any ſuch Inſtances of the 


molt apparent Deſign and wiſe Diſpoſition of Parts, could 
ever be an Atheiſt, 

Clean. What you obſerve is very juſt ; they who con- 
ſider ſuch Things are ſufficiently ee of the Ex- 
iſtence and Providence of a Deity ; and perhaps there is 
not a more fertile , Field of irrefragable Proofs of thoſe 
wiſe Deſigus and Artifces, which Nature makes Uſe of 
to anſwer her * Ends, than anatomical Diſſ: 3 
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Every Part in the Structure of animal Bodies fills us 
with Wonder and Amazement, not more at the Almighty 
Power, which is viſible, in making, but at the infinite 
Wiſdom, which is ſo manifeſtly employed for anſwering, 
in the beſt Manner, all the Purpoſes of the animal Oeco- 
nomy. But now to the Point: You fee, here are 
two Bullock's Eyes, which I have provided on purpoſe 
to diſſect, that you may ſee how far the ſeveral Parts are 
concerned in producing the ſublime Faculty of Sight: 
But, before we begin the Diſſection, it will be 
worth your while to conſider a few Particulars, reſpecting 
the external Diſpoſition, or Form of the Eye : And firſt of 
all, you obſerve a long white cylindrical Body of nervous 
Fibres, which enters the Eye on the hinder Part or 
Bottom of the Eye, and which the Anatomiſts uſually call 
the Op TIC NERVE. 8 jo ES 
Euphroſ. The Part you now mention has engaged my 
Attention ever ſince I have been in the Room; but before 
we proceed farther, pray let me know what you mean by 
Nerve. : 
Cleon. A Nerve is that moſt diſtinguiſhed Part of 
animal Bodies which Naturaliſts tell us is the univerſal 
Organ of Senfation. A Vegetable is an organized Body, 


and has Variety of Veſſels for circulating Fluids ana- 


lagous to thoſe we find in animal Bodies called Arteries, 
Veins, Cc. but, as it has no Senſation, there is no Occa- 


fion for this Part which is called the Nerve and therefore 


we find none in the vegetable SYSTEM. | 
Euphroſ. But, pray, Cleonicus, how is this Part, you 
call a Nerve, the Organ of Senſation ? | 
Cleon. I can give you but a partial and imperfe&t 
Anſwer to fuch a Queſtion. — The Nerve, which 
you ſee, is a Continuation of the medullary Subſtance of 
the Brain, contained in proper Coats, or Integuments ; 
the Fibres of this Nerve having paſſed through the 
Coats of the Eye, are there ſpread into a moſt exquiſite 
fine Membrane, which covers all the interior Parts of the 
Eye, except that which is open before: This Membrane 
the Anatomiſts call the Retina, and is, beyond all Dif- 
pute, the immediate Inſtrument of Viſion :!S——For 


the Rays of Light which enter through the fore Part of 
the Eye, being refracted to this nervous 3 
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will ſo affect, by their various Impulſe, the Fibres thereof, 
which are in immediate Connection with the Brain, as 
to convey to the common Senſory thereof the Species of 
Things without us, from whence they proceed ; and by 


this Means they excite in the Mind the Ideas of thoſe: 


Objects under all their Circumſtances of Form, Magni- 
tude, Diſtance, Colour, and all their other Aﬀections. 
hut how, by this natural Agency of one Sort 
of Matter upon another, thoſe mental Ideas are formed, 
and the Operations of the Mind directed and influenced, 


is a Subject far beyond the Reach of the human Under- 


ftanding. _ | 

Euphroſ. I know the inſcrutable Secrets of Nature 
do not belong to us: I think myſelf very happy that I 
have the Faculty of Viſion, though I can never adequately 
know the wonderful Manner in which it is effected; it is 
enough for me that I can be acquainted with the Ways 
and Means which the Author of Nature makes uſe of to 
effect it. —But I obſerve, Cleonicus, that the optic 
Nerve enters the Eye on one Side, and not directly in the 
Middle of the Bottom of the Eye; pray do you aſhgn any 
Reaſon for that? : 
Cleon. Yes, my Euphroſyne, and a very good one toog 
viz, becauſe the Rays of Light, which fall on that 
Part of the Eye where the Nerve enters it, are thereby 
rendered of no Effect, or become ufeleſs in that Point, 
where all the Fibres of the Optic Nerve are divided one 


from the other, and no one in particular can be acted 


bs 


upon by thoſe Rays: —By this Means you will eaſily 
underſtand that thoſe Rays which come from Objects 
quite on one Side of the Hemiſpbere of View can be 
loſt ; but thoſe Rays which are loſt in one Eye, are 
always effectual in the other: So that with both the 
Eyes, it is in our Power to ſee every Object wherever 
poſited in the natural Extent of View. Hence another 
Inſtance offers of wiſe Contrivance, as alſo a Reaſon, 
among many others, why two Eyes are naturally of more” 
Advantage than one, f 

Euphreſ. By what you have ſaid, one would con- 
clude, that an Object could not be ſeen by Rays which 
fall on that Part of the Eye where the Nerve enters it; 
Pray, is there any Experiment by which this can be 
confirmed ? N | 
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Cleon. Ves, there is, and which you ſhall immediately 
try, for your own Conviction. —I will ſtick three 
Pieces of Paper (A, B, C) * upon the Side of the 
Room, about 15 Inches apart, and then I will place you 
at ſuch a Diſtance from, and direaly before the middle 
Paper, that if you ſhut one Eye, and then turn the other 
pbliquely tawards that outſide Paper, which is on the Side 
of the encloſed Eye, the Rays coming from the middle 
Paper (B) will enter the Eye, and fall upon the Inſertion 
of the optic Nerve, by, which Means the ſaid Paper will 
immediately vaniſh from the Sight, while the two extreme 
Papers continue viſible. | 


Euphraſ. This is ſuch an optical Paradox, that I long 


to be ſatisfied of the Truth of it by Experiment 
J ſee you have placed the Papers on an advantageous 
Ground to be viewed ;——But now, whereabout muſt I 
' ſtand to view this odd, or rather No Phenomenon ? 

Cleon. As the Papers are about 15 Inches aſunder, 
you mult place yourſelf directly before the middle Paper, 
at the Diſtance of about 6 Feet and a Half, and take 
Care that your Head be not in the leaſt turned on one 
Side ;——— Then ſhut the leſt Eye, and turn the right 
Eye obliquely to view the left Hand Paper (A), and the 
middle Paper, (B) will inſtantly diſappear at the ſame 
Time as the other extreme Paper (C) is viſible. 

Eupbraſ. Well, I think I am very near the Spot you 
point to, and that my Face 15 quite parallel with the Side 
of the Room:: 
Right o the left Hand Paper, without moving my Head: 
And, ſure enough, the middle Paper is gone; 
it diſappears as if by Enchantment, ———and the other 
Paper beyond is ſtill in my View. —— 1 think this Ex- 
perjment equally curious as wonderful. — But now, 
let me try with the other Eye.———1 find it the very 
ſame as before; therefore to each Eye, in this Situation, 
the middle Paper becomes inviſible, though ſo large as an 
Inch Square. 23 N 

leon. Nor 1s there* only that particular Spot on which 
you ſtand, where this wilt happen; But if you remove 


F 
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* Sce Fig. 2. Plate LI, 


I ſhut my left Eye, and direct my 


yourſelf 
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yourſelf through the Space of 10 Inches back, in a Right- 
line, you will obſerve the ſame Thing, or the Paper will 
continue unſeen through all that Space; for ſo long will 
the Image {b) of that middle Paper be paſſing over the 
Place where the Nerve (D E) enters the Eye, while the 
Images (a and c) of the two extreme Papers are at a con- 
ſiderable Diſtance from that Point, and therefore con- 
ſtantly viſible to either Eye. - 

Euphroſ. This is a ftriking Inſtance of Contrivance, 
indeed: But pray, what have you farther to obſerve in 
Relation to the exterior Parts of the Eye ? | 

Cleon. The Form of the Eye on the poſterior Part 


deſerves your Notice: It is neither plain, nor ſpherically 


round, as T have heretofore- obſerved to you that neither 
of theſe Surfaces will admit of a perfect Repreſentation 
of the Images of Objects, portrayed in the Focus of a 
Glaſs: But it is really of that Form which the Laws of 
Optics require for a perfect Delineation of the Images 
of Objects, as well in an oblique, as a direct View, 
- the Expanſion of the optic Nerve, or Retina in the 

© | 
Fabr. This is a curious Circumſtance, moſt cer- 
tainly, and is very obvious with the ſlighteſt Inſpection. 
l ſee all the back Part of the Eye is opake, and the 
fore Part only is tranſparent. 

eon. This will convince you of the Truth of that 


which I have often obſerved to you, viz. that the Eye is 


nothing more than a moſt perfect Camera Obſcura in 
Miniature, in which the whole Buſineſs of Viſion is 
tranſacted; for which Purpoſe you ſee, on the fore 


Part, a very tranſparent and convex Covering, which 


: called the Cornea, or horny Coat of the Eye (LP K, 
ig. 3.) | 

Euphroſ. I think I can ſee the Reaſon why it is both 
tranſparent and convex ; for the Tranſparency is ne- 


ceſſary to a free Admiſſion and RefraQtion of Light, 


and the Convexity of it is neceflary ſor converging the 
Rays of Light to a Focus, at the Bottom of the Eye, for 
the Formation of Images there : And one Thing 
farther I can hence obſerve, and that is, the proper 
Degree of Convexity in the Eye, which muſt ever cor- 
reſpond to the Diameter or Bulk of the Eye; fince the 
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optic Nerve, in the Bottom of the Eye, muſt neceſſaril 
be in the Focus of the Convex Cornea, as you call it. But, 
pray, how is the Convexity of this Part ſupported, and 
conſtantly kept up? 

Cleon. By a fine limpid Humour, which lies imme- 
diately under it, and, being in Appearance like Mater, 
is called the Aſuecus, or watery Humour of the Eye. 
—— This you will be immediately ſenſible of; for I 
pierce the Cornea with the Launcet, and you ſee it run 
out upon the white Paper. Pray, what do you think 
an 1 5 | 

Euphbrojſ. Why, truly, it ſo much emulates Water, 
in Appearance, that I ſhould not have known it had 


been any other Fluid, if I had not feen how, and from 


whence it came there :———But, upon letting it out, 
ou have quite defaced the beautiful Appearance of the 
Ip for now the Cornea loſes its Convexity, and ſub- 
ſides in Wrinkles, which gives a ghaſtly Appearance to 
the Eye. | - 5 
Clecn. I will ſoon relieve you from that diſagreeable 
Sight. — With theſe anatomical Sciſſars, I ſever the 
Cornea from the opake Coat called the Sclerotica, and 
then you behold the next Part, which is deſtined for the 
Service of Viſion: This, the Anatomiſts call the Uvea, 
(Ko L) it is, in our Eyes, of a circular Form, and 
uite opake, and, being of different Colours, it is 
vulgarly called the Iris. In the middle Part 
thereof, you obſerve an oblong Perforation, which in 
human Eyes is perfectly round, and called the Pupil, 
0, 0. : | 
7 The Inſtructions you have already given 
me in Optics, enables me to judge of the Uſe of this 
Part, at firft Sight. The Pupil of the Eye anſwers to 
the Aperture in the object End of a Teleſcope, which 
muſt be of a determinate Size for a proper Degree of 
Light to illuminate the Image in the Bottom of the Eye. 
This Doctrine you frequently inculcated in your De- 
ſcription of optical Inſtruments, and particularly the Ca- 
mera Obſcura. | 
Clean. What you fay is true, in general, in artificial 
Optics: But when we conſider the natural Structure of 
this Part, it will appear very admirable ; for this natural 
| I | Aperture, 
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Aperture, or Pupil in the Eye, is capable of various 
Dimenſions, by a double Syſtem of muſcular Fibres of 
which it- is compoſed, viz. one of the external Part, 
which is of a circular Form, and by whoſe Action the 
Pupil of the Eye is contracted: The other Syſtem; on 
the interior Part, has its Fibres diſpoſed like Rays iſſuing 
from the Center of the Pupil, and when I take it off 
they will be very conſpicuous —— You ſee I paſs m 
Sciſſars round, and it is ſeparated from the interio 
Coat of the Eye ; and now the radial Syſtem of Fibres 
appear. | | 

Euphroſ. I ſee them very plainly, and cannot but 
wonder at ſuch divine Mechaniſm in this ſmall and uſu- 
ally ſuppoſed inconſiderable Part of the Eye: That 
when the Light of an Object is too glaring, we have the 


Faculty by one Syſtem of Muſcles to contract the Pu - 
pil, and thereby to exclude all the offenſive and ſuperflu- 


ous Light: And on the other Hand, for diſtant and ob- 
ſcure Objects which require to be viewed with all the 
Light poſſible, we can, by the Action of the radial Fibres, 
dilate the Pupil, and thereby give Admiſſion to a greater 
Quantity of Light. 
Cleon. I have ſometimes been curious enough to 
meaſure the Diameter of the Pupil in each Caſe: when 
a Candle has been held very near to the Eye of a Child, 
I have found the Pupil not much to exceed the g of an 
Inch; but in the Twilight of the Day I have found 
the Diameter of the Pupil near twice as large; and 
therefore the Area of that Pupil near 4 times as great as 
before : ——— The Uvea being removed, you behold 
another Part, in a great Meaſure reſembling a Lens 
of Glaſs placed juſt in the Middle of the Eye behind the 
upil. 5 


Eupbroſ. A very curious Part, indeed; pray, what do 


you call it; . 

Cleon. It is called, the cryſtalline Humour ; for it is, 
as yet, contained in an exceeding fine tranſparent Capſule, 
called the Arachnoides, on the upper Surface of which 
you ſee a circular Zone of Fibres; theſe, alſo, are in 
form of Rays ifluing from the Center, and are of a black 


Colour. 
2 2 | E upbrof. 
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Euphroſ. They are very conſpicuous ; I ſhould be 
glad to know their Uſe, and by what Name. they are 
called. | 5 | 

Cleon, This black Annulus, or Ring of muſcular Fi- 
bres, is called, the Ciliary Ligament, as refembling the 
Hairs of the Bye-lids :——— The Uſe of this Part, be- 
ing affixed to the delicate Tunick of the cryſtalline Hu- 
mour, is to give a proper Motion to the ſame, and as 


ſome think, to alter the Figure of this Humour in ſome 


ſmall Degree, as will be farther evident when by making 
à fine Inciſion in the Capſule, the cryſtalline Humour im- 
mediately flips gut, which I take on this printed Paper, 
that you may ſee how the Letters are magnified thro' it 
Eupbroſ. Amazingly fine indeed: In my Life, 
I never beheld any Thing. fo tranſparent :>—— lt ſeems, 
a perfect Glaſs Lens, but more poliſhed than Glaſs, in- 
finitely :——lt may very well be called the cryſfalline 
Humour, I ſee, for no CRYSTAL can ever emulate this 
Part in regard to Clearneſs. I obſerve one Thing 
very remarkable, and that is, though it be apparently, 
and (I ſuppoſe) really, of a ſpherical Surface on both 
Sides, yet, that one is conſiderably more convex than 
7 age Pray, what is the Meaning of this, Cleoni- 
cus 

Cleon. As this Part is undoubtedly deſtined, by Nature, 
to correct and adjuſt the common Refraction of Light, 
through the Eye, to a proper Focus on the Retina at 
the Bottom, the convex Surfaces may, in ſome Degree, 
contribute thereto, as the Denſity of the cryſtalline 
Humour is a ſmall Matter greater than that of the other 
Humours, in which it is contained; and, by the Action 
of the Ciliary Ligament, the Degree of Convexity in 
each Surface may poſſibly be a very ſmall Matter altered; 
but Reaſon, more than Experience, directs us in theſe 
Conjectures.— However, it muſt neceſſarily follow, 
from the Nature of a muſcular Ligament, that, by its 
Contradiction and Relaxation, the Poſition of the cryſtal- 
line Humour muſt be ſubject to Alteration, and this is 
neceflary in the Nature of Viſion ; for, when Objects are 
near to us, their focal Diſtance becomes greater than when 


they ate placed afar off, and therefore the Fibres of this 
; Ligament, 
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Ligament, by contracting, removes the cryſtalline Hu- 


mour a ſmall Matter farther from the Retina, and thereby 


procures a due focal Diſtance for nigh Objects: But, by 
their Relaxation, this Humour ſinks lower, and ſhortens 
the focal Diſtance for thoſe that are farther off; and thus 
the Eye is provided with a Power of procuring Viſion for 
Objects in all Variety of Diſtances. | 
Euphroſ. There is no End to the Admiration of the 
Wiſdom we obſerve in the Works of Nature, and the 


moſt evident Marks of Deſign and Contrivance in every | 


particular Part.——But what is that large Quantity of 
Humour that fills the whole Body of the Eye, in Appear- 
ance like the White of an Egg? | 
Clean. It is commonly called the Fitreous, or Glaſſy- 
humour But for what Reaſon I know not, ualeſs for that 
one Quality of Glaſs, its Tranſparency ———It is in a 
very large Quantity, in Reſpect of the other two Hu- 
mours, on purpoſe to fill out the Body of the Eye, and to 
render it globous and roomy :—For, before I take this 
Humour out of the Eye, it is worth your while to ob- 
ſerve how very perſpicuouſly it ſhews the optic Nerve ex- 
panded over all the interior Part of the Eye, together with 
the Arteries and Veins which enter with it, and are moſt 
delicately ramified through all its Texture :———For the 
Blood Veſſels ever accompany the Nerves through every 
Part of the Body ; they circulate the Fluid of Life, as the 
other does that of Senſation... | 2 | 
Euphroſ. A Phznomenon equally curious and wonder- 
ful: It is. impoſſible a finer Sight ſhould greet the Eye. 
I fee the whole Expanſion of that noble Organ in its na- 
tural Pofition, the Idea of which will ever be indelible in 
my Mind. | 3 F 955 
Cleon. I ſhall ſhew you the ſame Thing, by-and- by, 
in a different View. I bat curious viſual Membrane is 
every where connected with the fore Part of the Eye, im- 
mediately under the Ciliary Ligament, as you will eaſily 
perceive when I turn the Eye inſide out, upon the Sur- 
face of the Water in this Glaſs, which ſupports the de- 
ſcending Humour, and the Retina, till, with the Knife, 
| have ſeparated. them both from the anterior Part of the 
inner Membrane of the Eye, called the Choroides, which 
| FL Ne F 30-2 lies 
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lies immediately under the Retina, and is beautifully co- 
loured in Quadrupedes. | 

Euphroſ. IT ſee the Separation | manifeſtly —— 
as your Knife proceeds, the glaſſy Humour ſubſides and 
becomes inviſible in the Water; but the optic Nerve re- 
mains behind, upon that fine coloured Coat you men- 
tioned. 

Cleon, Though the glaſſy Humour is not "Ez in he 
Water, I ſhall take it out upon a Wire. and you 
ſee how very large and tranſparent a Subſtance it is. 

Eupbraf. Pray, of what does this Humour conſiſt ? 
there ſeems to be a great Quantity of aqueous Matter, as 
T ſee it continually keeps dripping a clear limpid Fluid 
like Water? 

' Clean. It from thence appears to be compoſed of a 
Syſtem of infinitely fine Veſſels, which contain and con- 
finually diſtill the fine Lymph you ſee ; and ſo incon- 
ceivably fine are thoſe Veſſels, that, when they have diſ- 
Charged all their aqueous Contents, they ſcarcely amount 
to the Weight of a ſingle Grain. But now obſerve, I 
paſs my Knife round the extreme Part of the CHoroides, 
and the Retina, being by that Means ſeparated, ſubſides 
into, and floats upon the Water, till at Length, the 
whole being ſevered, it totally finks and collapſes into a 
Body almoſt in Appearance like the external Nerve 
I now cut away all the Coat of the Eye from the Nerve, 
and then it appears moſt evidently, that the Retind is 
only a Continuation of the Nerve.——Laſtly, with my 
Sciflars 1 ſeparate the Retina at the Nerve, and let it fall 
into a Glaſs of clean Water; then, with the Point of the 
Wie, I expand Ha, and you ſee how fine an e e 
it or og 5 

+ Eupbroſ. It is, ines . all wr fine : 
. it reſembles now a VBieck of fine white Linen, of 


a curious I exture, and inter woven with a great Variety 


of Blood-veſſels, in à beautiful Ramification, gradually 
eluding the Sight by infinite Degrees of Miniature: 
But I obſerve this wonderful Part, this Organ, or Seat of 


the viſive Faculty, is in itſelf, not we e but al- 


moſt opake. - We Os” 

Clean. Obacity; or 1 or both indifferent 
to the Cauſe of 1 bo conſiſts wat in the 
6 g ; ME. N 
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peculiar Action and Modification of the Rays of the 
Light on the Filaments of the optic Nerve: But its 
being in ſo great Degree Opake, ſhews how far ſome Men 
may be carried from the moſt evident and obvious Truths, 
to ſupport a new Hypotheſis which has no. Foundation 
either in Nature or Reaſon ; but Truth will ever con- 
front and prevail over Error, though ſupported with all 
the Powers of Rhetoric and Novelty. The optic Nerve, 
which immediately receives the Rays of Light, and ſuſ- 
tains their firſt and whole Impulle, will ever be. acknow- 
tedged the natural Organ of Viſion by every modeſt and 
judicions Philoſopher ; and the Cboroidis muſt in vain 
pretend to rival it in that Honour, to which the Rays of 


Light can have no Admittance thro” the opacous, Subſtance 


of the Retina, and muſt be content with the more hum- 
ble Office aſſigned to it by Nature. — Thus much for 
the Deſcription of the Natural Eʒe. At our next Inter- 
view I ſhall entertain you with an Account of the Dehci- 
encies in the Structure of the Eye, and how they are rec- 
tified by the Application of Glaſſes, and illuſtrate the 
whole by an artifeial Eye, © | 8 


* 


* 


DIA LG UHE N 
Of the preternatural ConFORMATION of be Eve; 
the DEFECTS of VISIoN anſing from thence; 
aud the Means of remedying them by Orrie 
(GLassES. The twhole illuſtrated by an ARTI- 
FICIAL Eye; : e Ait 175 7 | 


— 
5 . 


Eg | qr 
| Took an Opportunity, very lately, to let you fee 
how accurately every Part in the natural Eye is con- 


türed to anſwer; the Purpoſes of Viſion; that no Patt 


could be wanting without a Deficieney in the Structure 
»d Uſes of that moſt noble of- all Organs: On che 
other Hand, it appears that no Part was redutjdant; or 
luperfluous:: And again, with reſect to the Poſition 


- 
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| and Figure of each Part, that it was altogether ſuch as i 
iv the Nature of Viſion required: Upon the whole, the 2 
i Eye is naturally of ſo Fire a Conformation that it ſtands 1 
| in no Need of the Aſſiſtance of the Science of Optics, I 
#1 but in Regard to Teleſcopes and Microſcopes, concern- c 
i ing which I have very largely diſcourſed to you hereto- 4 
1 fore. | | \ 
| Euphroſ. But how, Cleonicus, ſhall we then underſtand 
| the Reaſon of ſo many defective Eyes, which we daily 0 
8 obſerve in all Ranks and Degrees of People, from the | 
i youngeſt to the oldeſt ; for nothing is more common to f 
obſerve, than that both Old and Young apply Glaſſes, h 
| concave or convex, to their Eyes, to mend their natural 8 
1 Clean. Your Animadverſion is founded on a general n 
1 Experience, I allow; but it muſt be conſidered, that 11 
4 all thoſe who uſe the convex Sort of Glaſſes do it in | 
A the Courſe of Nature; for the Eye, like all other Mem- B 
1 bers of the Body, is ſpbjeCt to Decay, and in our de- In 
1 clining Years requires Aſſiſtance equal with every other E 
I Part, and conſequently, this can be reckoned no preter- at 
| natural AﬀeCtion of the Eye ; But with regard to young gi 
q People, if they are obliged to uſe Glaſſes, it is from a P 
5 real preternatural Conformation of the Eye; in them, | 
| the Eye is of a Figure too convex for making a perfect ye 
1 Image of Objects on the Retma in the Bottom of the fo 
1 Eye : but if we conſider how very few there are of this vi 
| Claſs, compared with the Bulk of Mankind, we muſt re 
W reckon' them only particular Exceptions to Nature's per- Je 
= ſect and handy Work. . | | | 
8 Eupbroſ. I have alſo heard of another Reaſon for the H 
i} Uſe of concave Glaſſes, viz. that becauſe ſome People fo 
9 in higher Life have been obliged, from a natural N 
1 Neceflity, to uſe them, others in lower Spheres (whoſe | 
12 corporeal Eyes ſtood in much leſs Need of n.:nding th 
J | than thoſe- of their Mind) thought it became them to te 
5 imitate their Superiors in this Reſpect; and ſo the wl 
1 Application of Concaves became improved into a Fa- be 
ſhion {tf 1 © $15 | 4 : 

Cleon. People are not only exceſſively fond of being the 
in the Faſhion, in ſetting off the real Beauties and Ex- ſtr 
cellencies of their Perſons with all the Extravagance in 

| So EF 3 imaginable, 
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wanting, and where they mult do harm. 


called a Myops 


in the beautiful little Squirrel you keep. 


Part of the Eye. 


Nerve at the Bottom of the Eye. 


beſt Manner 7 
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imaginable, in regard to dreſſing, painting, Cc. but they 
are ſo prepoſterous, as even to blemiſh and eclipfe their 
natural Perfections to gratify this abſurd Paſſion; witneſs, 
in your Sex, the Patches (which at. firſt were only deſign- 
ed to hide Pimples), and in our's, the affected Practice of 
Miyopijm, or the Application of Concaves where none are 


Euphroſ. Why is ſuch a Perſon who uſes a concave 


Cleon. | The Word Mobs is of Greek Ema and 
ſignifies, in plain Engliſp, Mouſe-eyed;, becauſe a Mouſe 
has a very round Eye, or the Whole. of it is almoſt a 

| Spherule, or ſmall Globe, as you may eafily ſatisfy your- 
ſelf when you. ſee that Animal in a Trap; or, which is 
nearly the ſame Thing, you ſee ſuch an Eye every _ 


 Euphrof, Lou have fatisfied me in that Particular. — 
By the Inſtructions you have. heretofore given me, I be- 
lieve, I am able to ſee the Nature of this Deficience in the 
Eye, which you call A4yopi/m,' fot it is, if I miſtake not, 
an Eye with too ſhort a focal Diſtance, occaſioned by too 
great a Degree of Convexity in ine Cornea, or anterior 


Clean. I 4 is the very Caſe, my Eupbroßyne; 8250 that 
you may the better ſee and compate an Eye of a juſt Con- 
formation with the two Sorts that are not ſo, I have pro- 
vided three Diagrams, to ſhew their different Structures 

_ reſpectively, In one of theſe (Fig. 3. Plate LI.) an Ob- 
Ject OB is placed at a proper reading Diſtance before the 
ye, whoſe Cornea K PL, the Pupil a e, and cryſtalline 
Humour 8 T, with every other Part, are of a juſt Con- 
formation to make the Image I M perfect on the optic 


Euphroſ. This is all very — in the Figure, 8 
the focal Diſtance of the Eye is juſt equal to its Diame- 
ter :—— But what is the proper reading Diflance C P, at 
which the Object O 31 is to be held for viewing it in che 


Clin. When we want to rt, or view a Thing in 


eing the moſt perfect Manner, Nature, without our Attention, 
Ex- ſtretches out the Hand to about 14 or 16 Inches, accord- 
ance ing to the Difference of Eyes, which is ſeldom more 
able, 


— 


or 


1 = — , 
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or leſs; and therefore, by Experience, that is cohfitmed 


to be the Diſtance for viewing Objects with the natural 
Eye. But if the Cornea happens not to have this natural 


Degree of Convexity, as in the other Diagram (Fig. 4.) 


which you here fee, whbete K PL, the Cornea, has a 


greater Degree of Convexity than What is juſt, the Rays 


which come from any Point C, in an Object at the 
Diſtance C P as before, will here be united, and repre- 


ſent that Point C, ſhort of the Retina; and ſo all other 


Points in the Object O; and conſequently the Image 
thereof, will be tormed and repreſented at I M, ſome 
Diſtance from the Bottom of the Eye. As this is 
the Cafe, we find a near-ſighted Perſon "obliged to hold 
the Object much nearer to the Eye, viz. at O B, in order 
to lengthen the focal Diſtance, and make the Rays reach 


the Bottom of the Eye before they unite; and as they, i in 


that Caſe, repreſent the Image perfect on the Retina, at 


i m, they procure diſtinct atk pe * the "Object in that 


near Diſtance c. 


Euphroſ. As the Deng? Jobs it in His Power to reaify 


this natural Defect of Viſion for any Objects near him, 
or ſuch as he holds in his Hand; by leſſening the Diſtafet 
between the Object and the Eye, till the focal Diſtance 


is thereby adjuſted upon the Retina So a concave Glaſs 
cannot be neceffary on that Account 


plied to perform that Office. 
Cleon. Lou ſeem to have very juſt peas of this 


Matter; for the concave Glafs' E F being applied before 
the Eye, diverges every Pencil of Rays 2 C'b in ſuch 
Manner as to make them fall upon the Pupil 0 0, as if they 


came from the Point cat a much leſs Diſtance from the 


Glaſs E F; and when the Concavity of this Glaſs is 
ſach as the near ſighted Eye requires, then will the 
Image i m be duly as on the W ok the Aſtant 


Object O Bs * WILT 1 
Eupbroſ. This 1 ae da very clearly; ard! with. 


Regard to a Mops, 1. 3 that any Object 03 


1 leſs to ag as O B, and alſo at much nearer 
Diſtance 


Alt muſt there 
fore be only for viewing remote Objects, where the Diſ- 
tance is unalterable, at leaſt cannot be diminiſnhed ſo much 
as is neceſſary for a juſt Prolongation of the Focus of the 
Eye, and where, of courſe, a concave ING YA be ap- | 


Piſtance than to a well formed Eye. 
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Hence like- 
wiſe it muſt follow, that as there may be various Degrees 
of Convexity iu the Eye beyond that which is jutt, fo 
there mult be a great Variety of concave Glaſſes neceſſa- 
rily correſponding thereto, and to be uſed as Remedies for 
the ſame. WO En 8 

Cileon. After the ſame Manner you will underſtand, 
by the third Diagram, (Fig. 5.) for that Preſbytæ (which 
is a Greek Word for elderly People) the Cornea K PL has 
too ſmall a Degree of Convexity to converge a Pencil of 
Rays a C coming from a Point C (in any Object O B 
at the natural reading Diſtance (as in Fig. 3) to its 
proper focal Diſtance at the Bottom of ihe Eye; but 
they will proceed to a Point beyond the Eye, where, if 
they were not intercepted, they would form the Image 
(i mn). Now though ſuch a long- ſighted Perſon. might re- 
move a Book, or other Object, to ſuch a Diſtance from 
the Eye, that he ſhall be able, by that Means, to ſhorten 
the focal Diſtance of the Rays, and read without a Glaſs, 


yet this would be attended with great Inconvenience, in 
general, and the reading at ſo great a Diſtance would be 


aukward and unſightly, as well as unnatural: Therefore, 


by applying the convex Glaſs G H, the aforeſaid Pencil. 


of Rays (4 C) is made to fall leſs. diverging upon the 


Eye, or as if they came from the Object O at a greater 


Diſtance. By this Means, that Pencil. of Rays is duly 


converged to a Focus at the Bottom of the Eye, and thus. 
all other Points in the Object OB will be repreſented in 


the Image IM on the Retina, and thereby produce diſ- 
tinct Viſion. | ” + £5 | | 
Eupbroſ. All this too I cannot but apprebend, as you 
Taye partly explained it to me in a former Conference :— 
And alſo, from the Figure, it is eaſy to iufer, that, to a 
Preſbyta, Ohjects appear through Glaſſes magnihed, aud 
at greater Diſtance, juſt the Revetſe to the Caſe of the 


Myops. — You have now led me through the Rationale. 


of thoſe we call ocular Glaſſes, both concave and con- 
vex, that are uſed for rectifying Vion in general. Have 
you any Thing farther to obſerve, with reſpect to the 
Manner of applying them to the Eye with the greateſt 
ſ%%%/ꝙ»/ꝙↄ ES i a Ib 
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" Chen. Yes; there are two Things which, by the 
Laws of Optics, every rational Man mutt think himſelf 
obliged to obſerve and conform to: The firſt is, that 
no more Light be admitted upon the Eye than what is 
neceffary to illuminate the Object, ſhew it diſtinctly, 
and to allow of a ſufficient Field of View : But, on this, 
I have already expatiated to you, an a no Anse 
Repetition *. 

uphroſ. I remember very well what you faid to me 
on that Subject, and am thoroughly convinced of the 
Reafon of it: But what is the ſecond Particular to be ob- 
ferved in the Uſe of theſe Glafles ? 

Clear. The ſecond Thing neceſſary in the enten 
of theſe Glaſſes is, that they are ſo placed before the 
Eye, that the Axis of each Glaſs may coincide with the 
Axis of the Eye, and be therefore directed to, and united 


in the Object that we view: This muſt be obſerved very 


ſtrictiy, with regard to Convex Glaſſes, as by them 
we view near Objects; but it has little to do with Con- 
caves, as the Objects ſeen by them are generally remote, 
and therefore the Error, in this Reſpect, almoſt inſenſible: 
But as this Matter cannot well be explained, without 
2 large Copper-plate, I muſt refer you to a FTreatiſe lately 
publiſhed on this Subject, where you will find ample In- 
formation concerning this, and all other uſeful Precau- 
tions in the Uſe of VISUAL Gr AssEs, and their Differ- 
ence from the abſurd and ons ob Structure of common 
Spectacles. F 

Euphreſ. But mr all you 56 to illuſtrate this 
Affair by an artificial Ex E, which I take to be this round 
Globe of Braſs on a Pedeſtal, with a Glaſs before and be- 
hind. Pray, what is the Structure and Similarity between 
this and the natural Eye? 

Clean. If great Art and Expence were employed, there 
might be a very conſiderable Likeneſs produeed between 
the Structure of the natural and artificial Eye, ſo far that 
in every Part ants Br ſhould each of them have nearly the 
fame on Orman Hut without regard to the Size 


N 
* 
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* See Dialogue XVII, p. 317, 318. 
+ See the Appendix to my Pbileſopbia Britannica, 3d Edition. 
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and Form of the conſtituent Parts, a great Similarity 
may be produced in the Effects of one and the other; 
and this is ſufficient for our Purpoſe, as, by Means of 
this artificial Eye, in a very fimple Structure, we can 
eaſily repreſent or illuſtrate the three different Caſes of 
natural Eyes before mentioned ; and for this Purpoſe 
only four Glaſſes are neceſſary, three of which are Con- 
vex ones, and finely poliſhed, included ſeverally in proper 
Cells or Rims, and to be ſcrewed into the ſame Hole on 
the Fore-part of the artificial Eye. The Fourth is a 


plain Glaſs, ground on one Side with fine Emery to take 


off the Poliſh, and thereby to render it, as it were, Semi- 


tranſparent. 


Euphroſ. By your very Deſcription of this laſt Glaſs, 
I ſuppoſe it muſt repreſent the Retina in the natural Eye, 


which, I remember, you ſhewed me was neither Opake 


nor 'Tranſparent, but between both. | 

Cleon. I obſerved to you, at the ſame Time, that this 
Quality, or Degree of "Tranſparency in the Retina, did 
not appear to be neceſſary to Viſion; but in the artificial 
Eye it really is ſo, becauſe, were this Glaſs wholly Opake, 
or - Tranſparent, it could not anſwer the Purpoſe; as in 
one Caſe, no Image of an Object could be ſeen upon it 3 
arid in the other, though the Image might perfectly ap- 
pear, yet its Locality, or particular Place, could not be 
ſo well determined : But being thus half tranſparent, 
will nicely ſhew the Image, and the Place where it us 
formed at the ſame Time. EL 

Euphroſ. I underſtand you perfectly well; but I ob- 
ſerve this Glaſs is plain, and has not the true Figure of 
the hinder Part of the Eye. 5 | 

Cleon. That Figure would not be eafily imitated by 
Art, as it is neither plain nor ſpherical ; Nature takes a 
perfect Method in all her Operations: Art can only 
imitate by Approximation, but a plain Glaſs will anſwer 
our preſent and particular Deſign. | 

Euphroſ: The three Glaſſes which are ſcrewed on in 
the Fore-part of this Braſs Eye are, I preſume, defigned 
to form the Images of Objects on this artificial Retina, 
or Glaſs, behind; and, becauſe you have three in Num- 
ber, I ſuppoſe one is to repreſent the Caſe of a well-for- 
med Eye, and the other two the, deficient Ones of the 
Myepi and Preſbyta ? 


J 
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Cleon. That is the very Thing, my Euphroſyne, as 
I will now ſhew you by an Experiment. The 


Diameter of the artificial Eye, you obſerve, is two 
Inches :—=—— Then I ſcrew on the Glaſs (N 1.) 
whoſe focal Diſtance is juſt 2 Inches :=——Phen I 
take the artificial Eye, and ſtanding at the Diſtance of 
about 12 or 15 Feet from the Window, and holding the 
artificial Eye directly before my own Eye, I fee the Image 
of the Window very diſtinctly formed upon the ground 

Glaſs, —— Now, take the Eye in your own Hand, and 

ſtanding at the ſame Diſtance, you will obſerve the fame 

Thing. fo 5 

. That I do perfectly; and a very cirious 
Experiment it is :——— The Window appears in 
ſpects like the Picture of Objects in a Ca ſcura, 
moſt natural, bright, vivid, and every Way the ſame, 

preſume, as it would appear on the Retina of the Natu- 
ral Eye, if it was poſſible to be there ſeen. 

Cleon. See it you may in the natufal Eye, in ſome 
Meaſure; and, as I know you are very curious in theſe 
Matters, I have prepared ſuch an Eye on Purpoſe to 
ſhew you this very Phznomenon therein. ——— You here 
ſee the large Eye of an Ox diveſted of all its muſcular 
and membraneous Parts, and then a circular Hole cut in 
the Sclerotica, or external Coat of the Eye, and alſo 
through the Ch:r-:des which lie immediately within it, 
and then a Part of the R-tina appears entire and in its 

"natural State: —— Then I hold this natural Eye up 
againſt the Window, and you ſee the Image of the Win- 
= do perfectly formed on the Retina, juſt in the ſame 
= Manner as in the artificial Eye. | 

0 Euphroſ. This is, indeed, an expirimentum Crucis, 

or capital Experiment in Viſion, than which nothing 

I | can give a more full and exquiſite Satisfaction, with 
= : regard to the Manner how Viſion is performed in the 
= | Eye. | # 

4 Clan But now if a Glaſs, either convex or concave, 
be placed before the Cornea of the natural or artificial Eye, 
the Image no longer appears diſtinct on the natural or at- 
tificial Retina, as you may try with each Eye ſeverally, 
while I apply each Sort of Glaſs before them. bk. 
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Euphreſ. Then I will take one of the Eyes in one 
Hand, and the other in the other; and, if you pleaſe, 
firſt apply the Convex: 
diſappears, at leaſt its Appearance is very confuſed. —— 
Now apply the Concave, that I may fee the Effect of 
that: —lt is very much the ſame as beſore, no Beau- 
ty or Diſtinctneſs of the Image any longer appears, and 
conſequently no Perfedion of Viſion in the natural Eye. 
Hence it appears, however uſeful thoſe Glaſſes 


| may be on ſome Occaſions, yet, when the Eye has its 
due Form or Figure, they can never be uſed without pre- 


judicing the Sight. —— Pleaſe now to ſhew me the Expe- 
riment of the pops. | , | 

Cleon. For this Purpoſe I muſt ſcrew on the Glaſs 
(Ne 2.) whoſe focal Diſtance is only one Inch and 
a Half, ariſing from its greater Degree of Convexity. 
In this Reſpect it will repreſent the Cornea of a ſhort- 
ſighted Eye, as well as in its Effect of forming the Tmage 
ſhort of the Retina, and, conſequently, it mult appear 
very imperfect upon the Glaſs, behind: hold it up 
againſt the Window, and fee the Conſequence of ſuch a 
convex Glaſs, + | Rag He 

Euphroſ. I do: It very plainly appears, that no 
Image of the Window, or any other Object at a Diſtance, 
can have its Image formed in any Degree of Diſt iactneſs 
on the glaſſy Retina of this Eye. —— Now, pleaſe to put 
beſore it the concave Glaſs, for a Remedy. 

Cleon. I will :———1t is now juſt before the arti- 
ficial Cornea, and, by cauſing the Rays to go leſs con- 
verging, they piocerd to che ground Glaſs before they 
unite in a Focus, and there make the Image as perfect 
as before. 

Euphroſ. I very plainly perceive it; but I obſerve 
at the ſame "Time, that the Image of the Window is 
not ſo large as before, which gives the Reaſon why thort- 


ſighted People ſee all Objects of leſs apparent Magnitude 


than other People do, a Thing I remember you formerly 


| obſerved to me.—— You will next favour me with an 


Experiment of a long-ſighted Eye, which requires a 
Convex Glaſs, HH | 
Cleon. In order to this, I ſhall put on the Glafs 
Neo 3) where the focal Diitance is two Inches and an 
| Half, 


In each Eye the Image 
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Half, which, as it exceeds the Diameter of the Eye, 
the Image will neceſſarily be ſeen very imperfect on 
the Glaſs behind : ———But when I apply a Convex 
Glaſs between the Eye and the Window, you will 
then ſee, by this additional Convexity, that the Rays 
will be made to converge to a Focus on the glaſſy Re- 
tina, and there repreſent the Image of the Window per- 
fect, ——— Take it in your Hand, and try the Experi- 

ment. ee e | 
Euphreſ. I will firſt hold up the Eye without your 
Viſual Glaſs : There is not the leaſt Appearance of 
any diſtinct Image: One may Juſt fee it is a Window, 
and that is all ——Pleaſe to apply the Convex. ——1 
now ſee the Image of the Window reſtored to its perfect 
Form, but much larger than in either of the foregoing 
Caſes :——By this Experiment I am alſo ſatisfied of 
the Reaſon why thoſe who ufe Viſual Glaſſes muſt neceſſa- 
rily ſee all Objects larger than they appear to the naked 
Eye well formed: And ſince this is the Caſe, how does 
it come to paſs, Cleanicus, that we do not hear ſhort- 
fighted People ſpeak of ſeeing Things ſmaller, or old 
People of ſeeing them larger, than others who uſe no 

Glaſſes at all? | | 
Cleon. There is no ſuch Thing in Nature as a 
Standard of real Magnitude, but only of that which is 
apparent; an Inch, or Foot, or Yard, is as much a 
Standard Meaſure to a dyops or Prefbyta, as to a Perſon 
who views it without a Glaſs : And ſince to each Perſon 
every Thing appears diminiſhed or magnified in the ſame 
Proportion, they muſt neceſſarily all of them have the 
ſame Ideas of apparent Magnitude, as the Scale of Com- 
pariſon is ſtill the ſame in all; for Things are only great 
or ſmall, by Compariſon made in the ſame Scale, or by 
the ſame Standard. There is only one Thing now 
which remains to be confirmed by an Experiment, and 
that is, to ſhew how much more tiſtin& the Image of 
any given Object is formed by a Glaſs of a proper Aper- 
ture, than by another of an exorbitant Size: For In- 
ſtance, that which you have ſeen in the Eye of two 
Inches Focus is only 3 of an Inch in Diameter: I will 
now put on another Glaſs which is twice as much, or 
one Inch and an Half in Diameter ; it is of the oe 
oca 
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focal Diſtance, and will form the Image of the Object 
on the Glaſs as before, but with four Times the Quantity 
of Light; on which Account, the Diſtinctneſs of the 
Image will be greatly impaired, and, conſequently, the 
Perfection of Viſion which depends upon it, as you will 
obſerve by the Experiment, is deſtroyed. _ 

Euphroſ. This is a very plain Caſe : — The Image 
is now quite ſuffuſed, or overwhelmed, as it were, with 
5 Light; and far from being ſo diſtinct and perfect as it 
was before: By which I am thoroughly convinced what 
Judgment and Care is neceſſary for giving ſuch Apertures 
to optical Inſtruments as are neceſſary for their due Per- 
fection, and, particularly, how abſurd it muſt be to co- 
vet a large Spectacle-glaſs, when one of a ſmaller Size 
will ſo much better aſſiſt the Sight. — But I ſuppoſe, by 
this time I have ſufficiently tired you with ſuch. a tedi- 
ous Series of Speculations in Optics: It will be a Re- 
lief and Pleaſure to you, as well as me, to change the 
Subject, and make a Tranſition to ſome other Object of 
naturel Science, that may afford another kind of Enter- 
tainment. What can you think of, Cleonicus, that will 
offer itſelf moſt proper for that Purpoſe? 

Clin. Why truly, my Enuphroſyne, we have dwelt 
long on the Science of Optics, and yet have not exhauſted 
the Subject; but, as my Deſign is to give not a critical, 
but curſory View of general Topics, I ſhall now direct 
jour Thoughts to another important Branch of Know- 
ledgs, which is the Doctrine « 4 Sounds, and give you 
an Idea, ſo far as Lam able, of the wonderful Mechaniſm 
and Structure of the EAR, which is that Organ that ren- 
ders them perceptible to the Mind, and which, TI preſume, 
you will find a Subject not much inferior, in Point of 
Curioſity and mental Improvement, to that of the dn 
of 8 f | 


. 1 7 | : 


Vor H. A eee eee 


1 
l 
| 


2. 
— } SER — 2 — © 


. 9 > . >" IP" * Ab <0 2 "ow ” 4 — 
gta en rr rote — — — eee en - = 2 — vr DG — 
r nes, 256 . 1 1 „„ 
" e * Y a e e alle 
- » . * 8 2 reren 9 


— 
_ 3 
— ED 


P 
re r 
3 rr 


0 
| 


— RY a 
5 
n 
* 


ä 


5 
| 
17 


I} 
27 5 
4 
fs 
| 
by 
0 
0 '7 
4 
o 


354 THE YOUNG GENTLEMAN 


DAO 5 wc : 

On the general NATURE and 'CausE of SounDs. : 
3 Cleonicus. . 
ROM the Science of Orrics we now proceed to 1 

T that which is called AcovsrIcs, which treats of be 
the p, or Doctrine of Sour ps, and of the Con- fy 

- Nitution of the Organ of HEARIN CG, placed in the Eax, the 
by which thoſe Sounds are rendered audible, or ſenſible an 


to us, under all their different Affections and Circum- 
2 7.” | | 
_  Euphroſ.. This Subject muſt neceffarily afford me very 
uſeful, very inſtructive and entertaining Leffons ; for, a 
the Subject is that of Sound, I naturally conclude, that 
the Science of Muſic will make a conſiderable Part of 
our Speculations, as it conſiſts wholly of an artful Mo- 
dulation and Modification of different Kinds of Notes, 
or Sounds. 5 e 

Cleon. Music is undoubtedly the effential and moſt 
refined Part of the Philoſophy of Sounds; an agreeable 
Scene in Optics, or Perſpective, does not more delight 
the Eye and regale the Mind, than a Compoſition of 
harmonious Sounds delights and pleaſes the Organ of 
Hearing, and, perhaps, of all our Senfations : This 
does more immediately affect both the pathetic and rational 
Part of the human Syſtem ; and hence it is, we ſee 
Mankind in general ſo fond of muſical Sounds, as it 
affects them with the moſt agreeable” and raviſhing Sen- 
*fations: But what inclines me moſt, at preſent, to diſ- 
courſe to you on this Subject is, the exquiſite Taſte and 
"Reliſh you have for the Fleafure of this Science in every 
Reſpect, and conſequently a Rationale of thoſe Inftru- 
ments, with which you fo frequently delight yourſelf and 
- Acquaintance, will be very grateful to you. | 

Eupbroſ. Nothing can prove more ſo; and I remember 
you formerly hinted to me, when you treated of Air in 
general, and ſhewed the Experiments on the Air-pump, 
that the Nature of Sounds depended entirely upon a cer- 
tain Motion of the Particles of Air, and that by one 
particular Experiment of the Bell it was ſhewn, -that 


when 
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when the Air was exhauſted, or taken away, no Sound 
from the Bell could be heard. It is this Motion of Air 
therefore; I preſume, and its various Effects, that you 
now propoſe a farther Explanation of. 

 Cleon, This is more immediately the Object of our 
preſent Diſquiſition : But as I have formerly told you, 


there is a two-fold Motion in the Air, which ought to 


be ſeparately conſidered, to have a diſtinct Notion of 
either; the firſt regards a Motion of the whole Body of 
the Atmoſphere, or any Part thereof from one Place to 
another; but the ſecond reſpects the Motion of the Par- 


ticles of Air in themſelves ſimply conſidered, and is not 


ſo much a local Motion, from ons Place to another, as a 
pulſive or vibrating Motion, which carries the Particles 
forward and backward, through the very ſame Space: 
Do you think you apprehend'me in this Diſtinction, my 
Euphroſyne? ps — 
Eupbroſ, I believe I do, Clionicußs.— By the firſt Mo- 


tion of the Air, I cogceive a great Quantity of it is carri- 


ed from one Part of he Globe to another, after the Man- 
ner we uſually cal MIND, as you formerly explained to 
me, when you treated of the e Nature of the Air 


and Winds. — But the ſecond Motion of the Air, or 


that rather which reſpects the Motion of the Particles of 
Air in themſelves conſidered, I canyot/lay I have fo clear 


an Idea of; but apprehend it mult reſult from, or depend 
upon that Power which you convinced me exiſted be- 
tween the Particles of Air, which keeps them all at an 
equal Diſtance from each other, and is that which you 
called the Spring, or Elaſtirity of the Air. 

Cleon. You recolle& very well, my Zuphroſyne ; it is 
by Means of this Power that, when any one Particle is by 
any Cauſe urged forward, it muſt neceſſarily propel the 
Particle next before it ; this fecond Particle, in the ſame 
Manner, moves the third; and the third, the fourth; 
and fo ſucceihvely : By this Means a Motion is pro⸗ 
duced, and propagated in the ſeveral Particles of Air, 
through a -certain Space in a Direction forward; but 
then; on the other Hand, when the Force which was 
bt impreſt upon the elaftic Particle of Air is remitted, 


or ceaſes to act, the Particles return again, by the Aa | 


of this elaſtic Force, 3 the lame Space. And, 


a 2 | laſtly 
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laſtly, if this Force be repeated, at ſtated Intervals, on 
theſe elaſtic Particles, there muſt neceſſarily be produced 
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in them a mutual vibratory Motion of each Particle, ſo Je 
f long as the repercufſive Force continues to act: And it is is 
It this Motion of the Particles of Air that is the Cauſe of pi 
!! Sound in general. Ay NV to 
Wl Euphroſ. Indeed, Cleonicus, this is ſuch a-nice Specu- of 
Wi lation that, without a more circumſtantial and plenary Ex- D 
* planation, I fear I ſhall ſcarcely be able to get ſuch clear re 
ol and adequate Ideas, as I could wiſh, of the Nature of th 
"8 Sound: But, I ſuppoſe you can render it more facile by of 
18 Experiments, or ſome Illuſtrations of that Kind? of 
1 Cleon. I can aſſure you, my Eupbrohyne, there is no th 
#0 one Part of natural Philoſophy more intricate and difficult thi 
# to explain than the Nature and Action of an elaſtic el: 
i Fluid. This was experienced; and acknowledged by pe 
Sir Jſaac Newton himſelf z and we find, by his Commen- in 
tators on his Principia, that it was in treating of this on 
Subject only, that they apprehended this great Man ſin 
capable of a Miſtake : But it will not follow from hence, tay 
that, becauſe ſome Parts are exceeding difficult, we wi 
ſhovld not contemplate and improve our Minds with the un 
Study of thoſe which are more eaſy and uſeful; and Str 
therefore, to facilitate your Apprehenſion of what relates cor 
to the Doctrine of Sounds, 1 ſhall conſider in the firſt Str 
Place, the Nature of thoſe Forces, and the Manner in the 
which they act on the elaſtic Medium of Air, by which ren 
that peculiar Motion is generated which proves the Cauſe by 
of Sound. ———Secondly, the general Properties of the pio 
Pulſes of Air, and the Manner in which they are pro- Tir 
pagated. ———. Thirdly, the artificial Modulation of Ait 
44 Sounds, both inſtrumental. and vocal, ſo as to render ticl 
1 them harmonious and muſical to the Ear. Fourthly, Ear 
14 the Organs furniſhed by Nature for forming and variouſly Du 
_ modulating animal Notes, or Voice.—Fifchly, the parti- or 1 
| "of cular Conſtruction of the Organ of Hearing, placed in the ſtra 
1 Cavity of the Ear, for railing in the Mind the Senſation of and 
13 Sound. 2 3 p41 not HENS Not 
4 - Eupbroſ Theſe ſeem to be very curious and important ſide 
Topics, and it will give me great Pleafure to hear you ex- or 
plain and expatiate upon them: Pleaſe, therefore, to be · Sou 
gin with the firſt of them, in which you ſignify the orig- WW they 
nal Cauſe of Sound conſiſts. N 4 latio 

n | 4. 


origi- 


Clin, 


AND LADY's PHILOSOPHY. 357 
Clean. The firſt Thing to be conſidered in the general 


| Idea of Sound is, the percuſſive Force, or Stroke, which 


is made upon the ſonorous Body, whole Parts are thereby 
put into Motion, and this-Motion is to be underſtood 
to be that which 1s produced by elaſtic Parts, or Particles, 
of which ſuch Bodies conſiſt; for without ſuch an elaſtic 
Diſpoſition of Parts they could not by any Means be 
rendered ſonorous, or capable of emitting Sounds, becauſe 
the Stroke, being made externally, affects the Particles 
of ſuch a Body but with one ſingle Act; the Particles 
of the Body could therefore, in fuch a Caſe, be moved 
through a certain ſmall Space, and would there ſtop by 


the Reſiſtance of the Parts beyond; and without an 


elaſtic Force the Particles would remain at reſt, aſter the 
percutient Body is removed; and therefore, from one 


ſingle Stroke, the Parts of Bodies unelaſtic could emit but 


one ſingle Sound, as they can affect the Air but by one 
ſingle and unrepeated Action: In ſuch Caſes we uſually 
ſay, we hear the Stroke, and that is all, as when we ſtrike 
with a Hammer on a Piece of Lead, and other ſoft and 
unſounding Subſtances: But when we conſider the 
Stroke impreſſed on Bodies, whoſe Parts are in any 
conſiderable Degree elaſtic, they not only yield to the 


Stroke and go forward through a ſmall Space, bur, aſter 


the ſtriking Body is removed, thoſe elaſtic Parts, by their 
renitent Force, return again with a Velocity equal to that 
by which they were diſplaced: And thus a Motion being 
pioduced of a vibratory Nature will continue a ſenſible 
Time, and produce ſucceſſive Impulſes on the contiguous 
Air; and the Air being thus agitated by the elaſtic Par- 
ticles of the Body, tranimits its Pulſes ſucceſſively to the 
Ear, and there produces a- Senſation of Sound of ſome 
Duration : And theſe are what we properly call ſonorous, 
or founding, Bodies, — Thus, a ſine wire String being 
ſtrained with a Weight, or otherwile, becomes elaſtic, 
and if it be properly ſtruck with a Quill; it will emit a 
Note, or, Sound, which. will continue audible a con- 
ſiderable Time after the Stroke. — —— Alfo, if a Bell, 
or Glaſs, be ſtruek in a proper Manner, they will emit 
Sounds of confiderable Duration; for which Reaſon 


they become the fitteſt Inſtrumems for muſical Modu + 


ations, 


A a 3 Fupbreſ. 
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Euprroſ. Theſe Things I am well affured of from 
every Day's Experience ; but there is one Thing I ob- 
ſerve in the Account you have given, which ſeems to 
render the Word Sgund of a complex Signification, or as 
if it was one general Idea compoſed of an infinite Num- 
ber of ſimple Sounds, ſo quick repeated as to be all 
united in one: For, by what you ſay, I collect that at 
each Return of the vibrating Particles of the Body, a 
new Motion is impreſſed upon the elaſtic Particles of 
Air, and, conſequently, that the Pulſes of Air will ſuc- 
ceed each other at Intervals of Time equal to thoſe in 
which the vibrating Motion of the Parts of ſuch Bodies 
are performed ; But as thoſe Intervals, or Moments of 
Time are ſo exceeding ſhort, as to be altogether inſen- 
ſible, the diſtin Succeſhon of the Pulſes of the Air muſt 
be ſo too, and conſequently they altogether conſtitute 
but one general, or compound Sound. Is not this the 
Caſe, Cleonicus? . N 

Cleon. It is, my Eupbreſyne, and as accurately as | 
could have expreſſed it myſelf. — —— The Cafe here is 
much the ſame as in Optics: A Beam of Light, conſiſt- 
ing of Rays infinitely different in Refrangibility, will 
cauſe that each particular Sort of Rays {ſhall make one 


particular Image of an Object in the Axis of a Glaſs; 


and conſequently, that though an Infinity of Images are 
thus formed, yet, being infinitely near each other, they 
all make but one compound, yet very diſtin, Image to 
the Eye.——Or thus: You have ſeen an Experiment, 
no Doubt, of a Boy's whirling round a red-hot Coal, 
which, to Appearance, makes a very complete fiery 


Circle; but this is only a general Idea ariſing from the 


particular Ideas of the Coal in the ſeveral Parts of the 
Circle; and as the Coal ſucceeds to thoſe Parts fo very 
quick, that there is no Time for the firſt Idea to be 
obliterated before it is excited again; ſo the Idea of the 
Coal in every Part of the Circle remaining, they mult 
neceſfarily exhibit to the Mind the general Idea of a 
Circle of Fire, as aforeſaid. ——And, indeed, if we 
rightly confider Things, we ſhall find that moſt of our 
Senſations are performed in the Groſs; that our Powers 
and Faculties are not ſufficiently acute and perfect to 
diſtinguiſh or comprehend the moſt minute and ſimple 

Operations 
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Operations of Nature.——It is the ſame in regard to all 
our other Senſes : Our Smell conſiſts of an infinite Num- 
ber of particular Senſations raiſed by the Action of innu- 
merable Euvia on the Organ of that Senſe : And the 
like may be ſaid of the Senſation of Taſe, from ſaporific 
Particles. | | 

Euphroſ. As this is the Caſe, how comes it to paſs 
that our Ideas of thoſe very complicated Senſations ſhould. 
yet be ſo very diſtin and perfect as they are? 

Clean. Your Queſtion is very apropos, my Euphraſyne, 
and I muſt anſwer you in the Dialect of the Muficians, 
that the particular Sounds excited by the elaſtic Particles 
are all Uniſons, or of the fame Note, and therefore can, 
make all together but one Sound to the Ear, or rather a 
Sound of but one Note An inconceivable Number of 


. ſmall Drops of Water put together form only one larger, 


or collective Drop, which, in every reſpect, reſembles 
each one of the ſmalleſt: So the Action of an 
infinite Number of Particles, being all of the ſame Tenor, 
excite. only a general, or collective Idea of the fame Ac- 
tion on the Organ of Smell or Taſte : But this is an Af- 
fair which requires rot to much Prolixity of Explanation 
to my Euphroſyne. | 

Euphreſ. Indeed, I think you have given me a very 
clear Account of the firſt Operation of Nature in the 
Production of Sound. Ihe ſecond Thing you pro- 
poſed, I make no doubt, will prove equally ſatisfactory, 
to the Explication of which I ſhall be equally atten- 
tive. g | 
Clzon. The Properties of the Pulſes of Air, in which 
the immediate Cauſe of Sound confiſts, I cannot better 
illuſtrate than by making, in ſome Degree, a Compariſon 
betwixt them and the Waves of Water, as well in 
Things wherein they diſagree as thoſe wherein they agree, 
and they will mutually help to explain each other; the 
Principle of which are as follow: It a Stone falls 
on the Surface of Water, by its Weight, or Force, 
it will ſtrike and deſcend into it: But the Deſcent being 
ſudden, or momentary, gives no Time for the Particles - 
of Water to move Sideways to make room for the Stone, 
but are forced to riſe inſtantly, as it were, upwards above 
the common Level; and being raiſed up, they deſcend 

A a 4 again, 
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again, by Virtue of their Weight, juſt as far below the 
Surface : In doing which, they muſt drive a Part of 
the Water beyond them into a higher Situation, and ſo 
produce a ſecond Wave: This, again, upon its Deſcent, 
cauſes a third ' Elevation, or Wave of the Water next 
beyond it: And this, in deſcending, a Fourth, and ſo 
on, till at Length they reach the Bank, or Shore, upon 
which they break and vaniſh. ——And here it is very 
remarkable, that the Generation of Waves in Water 
being produced by the Power of Gravity, their Motion 
will be analogous to that of a Pendulum, which is pro- 
duced by the ſame Cauſe. ——— The larger the Body is 
which deſcends in the Water, the larger and more rapid 
will be the Motion of the Waves; and it is found both 
from Reaſon and Experience, that if a Pendulum be of 
a Length juſt equal to the Width of the Ware, their 
Motions will both coincide, or be performed in the fame 
Time. oa Re 5 

Euphbreſ. Now let me ſee, Clecnicus, before you go far- 
ther, if I can illuſtrate to myſelf this Matter by an Ex- 
ample. I have heard you fay oftentimes, that if the 


Length of a Pendulum be 39 r Inches, its Vibrations 


will be performed in a Second of Time ; from whence 
J infer, that if a Stone falls upon the Water that ſhall 
produce Waves at the Diſtance of 39 A Inches from 
each other, then they will move through that Space, or 
fucceed each other in a Second of Time. 
Cleon. You completely underſtand this Affair, I fee: 
Therefore I ſhall next obſerve that the Pulſes of 
Air and Waves of Water diſagree in their Cauſe, ſince 
the one is owing to Elaſticity, and the 'other to Gravity ; 
but this, notwithſtanding, they both agree with the 
Pendulum in the Nature of their Motion, as they are 
all of the vibratory Kind. ——— Another Thing in which 
the aqueous Waves differ from aereal Pulſes is, that the 
former are of a circular Form, as generated on the plain 
Surface of the Fluid; but the others are neceſſarily of a 
ipherical Form, as they are produced in the Body of an 


elaſtic Fluid. : 
' Enupbreſ This, on the Surface of the Water, is 
evident to Senſe; the Waves are there concentric Circles: 
And in the Body of Air I find no Difficulty in appre- 
e 35 2 hending 
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hending they muſt, be of a ſpherical» Form; for as the 
Motion begins from the ſounding Body, it muſt be com- 


municated to, or equally impreſſed on all; Parts, which 


therefore mult generate Pulſes of Air, diffuling themſelves 
equally every where-in a ſpherical Form, 

Cleon. You are, indeed, very happy, my Zupbroſyne, 
in your Genius for phyſical Speculations ;>——In 


Conſequence. of this Property. of. the Pulſes of Water 


aud Air, we may eaſily obſerve another, which reſpects 
the Degree of Strength in each Pulſe, or Wave, as the 
Force of the firſt Wave is ſpent in generating the Second; 

and that ſecond Wave being a Circle at a greater Diſtance 
than the Firſt, will occaſion a much greater Quantity of 
MWater to be put into Motion, conſequently, the Force 
in any particular Part of the ſecond. Wave will be as 
much leſs than it was in a like Part of the firſt Wave as 


the Quantity of Matter was greater, i. e. the Force in 


the ſecond {ir Fa is to that of the firſt Wave, as the 
Circumference of the Firit is to that of the Second; 
or the Forces decreaſe as the Waves increaſe in Circum- 
ference, or as their Diſtance from the Center is greater. 
But with reſpect to the Waves, or Pulſes of 


Air, the Caſe is different; ſor theſe being of a ſpherical 


Form, the Force in each muſt neceſſarily decreaſe in 
Proportion as the ſpherical Mae Ba or the aereal 
Pulſes increaſe, which, as the Geometers demonſtrate, 
is in Proportion to the Square of the Diſtance ſrom the 
Center. 

Eupbroſ. That is, if I underſtand you right, Clanicus, 
the Force in the ſecond Wave of Water is but half as 
great as the Firſt, and the third Wave is 3 Times weaker, 
and ſo on; but in regard to the Pulſes of Air, the Force 
of the Second will be 4 Times leſs than that in the 
Firſt, and in the Third it will be 9 Times leſs; in 
the Fourth, 16 Times leſs, and ſo on. — But one 
would think, as the Pulſes of Air decreaſe ſo faſt, they 
could not have that very great Effect upon the Drum of 


the Ear, or produce ſo. loud a Sound as they generally. 


Cleon, Our Organs are fo conſtructed as ip have the 
ſtrongeſt Ideas excited by the ſmalleſt Action of natural 


Bodies ypon them. How infinitely imall are the N 
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of the Particles of Light on the optic Nerve in the 


Eye, and yet how great and glorious are the [deas which 
thence ariſe ! In like Manner, we perceive how very ſen- 


fible the ſmalleſt Motions of the Air will be, by a common 


Whiſper, whieh is ſufficiently audible to a good Ear; or 
the moſt feeble Notes produced from a ſounding String, 
as they die away. N . ee 

Euphroſ. I frequently obſerve the Things you ſpeak of 
with Wonder and Admiration. — And another Thing [ 
obſerve will follow from what you have ſaid of the ſpheri- 
cal Pulſes of Air, and that is, that the Sound of a Body 
muſt neceſſarily be heard on every Side, and be equally 
ſtrong at an equal Diſtance. 100 

Cleon. This naturally follows, from the Manner in 
which they are propagated, as you rightly obſerve; and I 


mall farther add, that if the Waves on the Surface of 


Water are obſtructed by any Obſtacle, as ſuppoſe a large 
Plane with a Hole in any Pat, the Motion of the 
Waves, as they apply to the Hole, will be propagated 
through it, and on the other Side will begin to ſpread 
themtelves into a circular Form ; becauſe the Motion, 


produced in any Part of a Fluid, is imprefſed every Way 


equally, and therefore from the Hole, the Agitation of 
the Water will proceed in a cireular Form as well as 
from the Body itſelf which produced it——lt is in the 


fame Manner that they are continued by the Sides of an 


Obſtacle, and, aſter having paſſed beyond it, begin 
to diffuſe themſelves into circular Forms behind it. This 
7 may eaſily try, by an Experiment even in a Veſſel of 

ater, | : 

Euphroſ, I ſhall amuſe myſelf with Experiments of 
this Kind at my Leifure.—I ſuppoſe you conclude from 
hence, that the Pulſes of Air too, after they proceed 
through Holes, and Obſtacles round about their Surfaces, 
in like Manner diffuſe themſelves, and proceed every Way 
in a ſpherical Form. | | 


Cleon. They certainly do ſo; and from thence it is 


that we find, if a Gun be fired on one Side of a Hill, a 
Perſon placed any where on the other Side will be very 
fenſible of it. But as the Waves of Air in this Cafe mult 


take a much larger Circuit to reach the Ear, the Sound 


mult, of Courie, be weaker, than where there 2 no 
| ſuch 


6 


on 
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fach Obſtacle, and it arrives in its ſhorteſt Courſe and 

with its full Force. | | 
Euphraſ. You have inſtanced ſome Particulars wherein 
there is a conſiderable Reſemblance between the Effects of 
Optics and Acouſtics, in the Formation of the Images of 
Objects, and Sounds in ſtriking Bodies; but pray, Cleont- 
cus, is there any Conformity in the Manner in which 
Light and Sound are propagated ? The Reaſon of my aſk- 
ing is, that I have read and heard more on that Subject, 
than I was ever able to comprehend. | 
| Cleen. That you may very eaſily do, my Euphrofyne: 
When People undertake to explain Things by an Hypo- 
theſis not founded on the plaineſt Dictates of Reaſon, 
and unſupported by the moſt indubitable Experiments, 
it is no Wonder if we hear them ſay a great deal which 
muſt be neceſſarily unintelligible to every Body. Such 
is the Caſe when we are told of a ſubtle Medium, by the 
Undulation of whoſe elaſtic Parts, the Particles of 
Light are put into a vibrating Motion (lik Particles 
of Air we have been ſpeaking of), and therefore the 
various Senfations of Viſion are occalioned by theſe 
lucific Pulſes of the ſubtle Medium, in the ſame Manner 
as Sounds are produced by thoſe of common Air. 
But if this was the Caſe, you will eaſily apprehend that 
all the other Properties of Motion, produced in an elaſtic 
fluid Medium, muſt neceſſarily be allowed: One of 
which is, that ſuch a pulſive Motion of Light being 
excited, its Undulations will be continued every Way 
equally, and, conſequently, in their Paſſage 3 
Holes, and by the Sides of Obſtacles, they will (like 
thoſe of elaſtic Air) expand themſelves into all the bor- 
dering Spaces round about, and even behind thoſe Ob- 
ſtacles, and ſo, of Courſe, would fill all the Parts 
behind ſuch Obſtacle wich. Light: But this we find is 
contrary to all Experience; the Rays of Light, jater- 
cepted by any Sort of Obſtacle, leaving the Spaces wholly 
dark behind, and thoſe dark Spaces, or Shadows as we 
uſually. cali them, are always ſuch as are terminated 
by Right-lines drawn from the extreme Part of the 
radiant Object, and that which intercepts its Light. 
—The Motion of Light, therefore, is undoubtedly 
propagated in Right-line Directions only, from a 
| pulſive 
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pulſive Force it originally receives in its proper Fountain 


the Sun, which renders the Doctrine of a ſubtile Medium 
unnatural and abſurd, in reſpect, to the Propagation of 
Light. >! | 1 

Euphroſ. I am thoroughly convinced, by what you 
Have faid, that Light cannot be propagated in the Man- 


ner Sounds are; for, if that were the Caſe, they would 


bend round the Sides of the Earth, and make us one 
perpetual Day: — An Eclipſe of the Moon would 
be a Thing impoſſible in Nature, and we ſhould never 
have known or have had the leaſt Ideas of a Firmament 


of uſeful Stars ———It appears to me, that the plaineſt 


Things in Life may be perverted into a Matter of ſur- 


priſing Diſputation, by a Set of People who ſeem to 


have no intellectual Optics, ſince even the very Doctrine 
of Shadows itſelf muſt, one would think have beamed 
on their Minds the Light of Truth. —But to return: 
Pray, what are the next remarkable Properties of Air in 
reſpect to Sounds? 5 

Cleon. The next Property of theſe aereal Pulſes is, 


that they are ſubject to a RefleCtion from any fixed Plane, 


or Obſtacle, from the ſame Cauſe with that of the Parti- 
cles of Light; for the Particles both of Ligbt and Air, be- 
ing ſolid Bodies, will be equally reflected by the Re-ac- 
tion of the Particles of any fixed Object on which they 


ſtrike; and this Reflection of the aerial Particles mult 


neceſſarily produce Agitations, or Vibrations in the 
Medium, which proceed every Way equally in Form of 
Jpherical Shells, as before, and this repercuſſive Motion of 
the ſonorous Air will produce a ſecond Sound, or rather 
an Image of the Firſt, if one may ſo ſpeak; and this Re- 
petition of the Sound is what you have been ſo often amuſ- 
ed with under the Name of an Echo. 

Euphroſ. In all this I underſtand you very well, as 
there is no more Difficulty in conceiving the Relation 
there is between the Sound and its Echo, than there is 
between the Object and its Image by reflected Light: 
But a Circumſtance in which they differ 1s this, 


that, with regard to Light, the Angle of Reflection, to 


the Eye, muſt be equal to thet of Incidence, that the 
Image may appear: But, let me ſtand where I will, I 
hear the Echo, though not equally plain and diſtinct. 


—_ 1 
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-I 'have often taken Notice, w 
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| n hen I have been 
walking in the Fields, at a Diſtance from the Town, 
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that this Reflection of Sound has been extremely ſenſible 1 
in a Variety of Echos, from every conſiderable Sound FAY 
which has had Force enough to ſtrike againſt the Side i 
of our Church, for producing ſuch a Repercuſhon or 1 
Reflection: Thus, the Report of a Gun is always | | A 

heard twice; and it was not long ſince I obſerved a Man I | 

cleaving of Wood at about a Quarter of a Mile Diſtance, | A. 

from the Church, and every Stroke upon the Wedge was 1 Il 
reſounded, or echoed from the Side of the Church in fo 1 (a 
diſtinct a Manner as afforded me no ſmall Amuſement v8 ll. 
during the Time of Obſervation : But one Thing I lt | | 
took particular Notice of, which was, that the Echo ! 17 208 


did not ſucceed immediately to the Sound of the Stroke, Wl | 
but after an Interval of Time ſo conſiderable, that I 
could not help taking particular Notice of, and refleCt-. 
ing ſome Time on the Cauſe, or Reaſon thereof, which, at, 
Length, I concluded muit be, the temporary and 
progreſſive Motion of Sound: By which Means, the 
Time which the Particles of Air employ in this direct 
progreſſive Motion of their Vibrations from the Man to 1 
the Church, and from thence to the Ear, is ſuch as 14 
makes the Echo at ſuch a ſenſible Diſtance of Time from 1 
the Sound itſelf. 8 Me 5 1 
Cleon. Theſe Echos oftentimes afford a pleaſant Amuſe- i} 
ment to the Curious, eſpecially where and when you 1 
find ſuch Surfaces which are called the phonocamptic Plane, 1 
that ſhall reflect the Particles of Air with the greateſt 1 
Regularity and Perfection: For, in the Writings of. 
Naturaliſts, you will oftentimes find ſuch Hiſtories of, 
Echos as are very ſurpriſing, and almoſt incredible; 
ſuch, for Inſtance, as will repeat not only Syllables, but 
even Words, diſtinctly, and ſometimes ſo many of 
them as really to make the Echo ſpeak ; from whence 
theſe Echos are called polyphonous, tautological, or prattling 
Echos, which oftentimes afford a pleaſant and ludicrous: 
Theme as well to the Poet as the Philoſopher, as you may. 
ſee in Biſbes Art of Poetry, and other Compoutions of 
that Kind, under the Word Echs. N 
Eupbroſ. Then, I ſuppoſe, this very Phænomenon of: 
a talkative. Echo will have another Inſtance FoReleme 
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blance to that of refleQted Light, viz. that whereas the 
Image is ſeen in the Direction of the reflected Ray, and 
conſequently in or behind the Glaſs, juſt ſo, I imagine, 
the Voice of the Man who is ſpeaking muſt, in the Echo, 
be heard as coming from the Plane; and therefore the 


Man himſelf and his mimic Echo muſt be heard from 


two diſtant Places; for thus it is, I know, by Experience, 


in all the fingle Echos | have heard. 


' Cleon. Tn this you are perfectly right: And, to carry 
the Compariſon till farther in regard to the Reflection of 
Light and Air, it is to be obſerved, that as the Image 
by Reflection from a plain Surface is nearly as ſtrong, 
vivid, and perfect as the Object ſeen by direct Rays, ſo, 
in the Repetition of Sound, the Echo differs but very 
little from the original Sound, unleſs the Diſtance be 
great; and ſtill nearer would it approach thereto if the 
phonocamptic, or refleCting Plane for Sound, was poliſhed 
as perfectly as that for the Reflection of Light. And I 
can aſſure you, my Eupbroſyne, were I poſſeſſed of that 
enormous Wealth as many Perſons are, I would make it 
my Buſineſs to find the beſt Situation of a Plane for re- 
verberating Sounds, and then would directly face the 
whole with Stone or Marble of a curious poliſned Surface, 
on Purpoſe that it might be found, by Experience, what 


perfection this Part of Acouſtics, which relates to Echos, 
is Capable of. — Again; as a poliſhed Plane neither 
magnifies nor diminiſhes an Object, ſo neither can it 


increaſe or diminiſh the Intenſity of Sound : But as 
Glaſſes may be fitted ſo as to magnify and diminiſh the 


Appearance of Objects, ſo likewiſe are Inſtruments 


to be formed for magnifying or diminiſhing Sounds; 


when there is Occaſion for it, which not very rarely 


happens. | 57 

| Eupbrof. Such Inſtruments, I ſuppoſe you mean; 
Cleonicus, as are called ſpeaking and hearing TRUMPETS 3 
the former of which magnifies the Sound of the Voice; 
and thereby occaſions it to be heard at very great Diſtances! 
For which Purpoſe, I know, they are of very great Uſe 


at Sea, in tranſmitting the Voice in an audible Manner 


from one Ship to another, which would otherwiſe be 
impoſlible to be heard. The latter, I obſerve, are uſed by 
People who are very deaf, in order to magnify common 


Sounds upon the Organ of Hearing. 
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Clean. It is yery true, my Euphroſyne ; the Speaking- 


| trumpet is analagous to a magnifying Glaſs, or Speculum, 
in Optics, which makes the Image of an Object bigger 
than the Object itſelf; ſo the Speaking-trumpets are con- 
ſtructed in lach a Manner, as to magnify the Sound of 
the Voice; for the Force of the Voice, naturally, is, 
{pent upon all the circumambient. Air; whereas, by 
Means of the Trumpet, the whole Force of the Voice is 
made to act upon that Quantity of Air only which is con- 
tained in the Tube of the Trumpet, by which Means 
that ſmall Parcel of Air will be put into a much greater 
Motion, and have its Vibrations excited and- rendered 
much ſtronger than they could otherwiſe be at a given 
Diſtance from the Mouth. Thus, for Inſtance, at the 
Diſtance of the End of rhe Trumpet, the whole Force 
of the Voice agitates the Air only contained in the Area 
of the ſaid Tionpe's Aperture: Whereas, without 
the Trumpet, that Force is diffuſed into a whole ſpherical 
Superficies, whoſe Diameter is twice the Length of the 
Trumpet, which Superficies may be 400 Times greater 
than the Aperture of the Trumpet; and therefore the 
Intenfity, or Strength of the Voice, will be ſo many Times 
increaſed, or magnified by the Trumpet. Hence, by 
Means of ſuch a Speaking-trumpet, People it a Diſtance 
can hear us to the ſame Advantage as they can ſee us by 
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the Uſe of a Teleſcope. _ | 
Eupbreſ. After the ſame Manner, then, I preſame, 
a Perſon who is hard of hearing has this Organ, or Senſe, 
aſſiſted by a Trumpet of nearly the ſame Form; for as 
the Vibrations of the Air are tod weak to produce 
audible Sound on ſuch an Ear diſtinctly, therefore a 
Trumpet, being applied to the Ear, receives the langtty 
Pulſes of Air, and, by a conſtant Repercuſſion an 
Agitation of the Air in the Tube, heightens and increafes 
its Force in Proportion as the Space becomes leſs, or the 
Tube is narrower, till it reaches the Drum of the Far, 
where it becomes ſo great as to render the original Sourtd 
of the Voice diſtinct and audible to that deafened Organ. 
Ibis Effect, I apprebend, is ſimilar to that of 
viſual Glaſſes to a deficient, or lIong-ſighted Eye: 80 
that, by the Aſſiſtance of Art, both the Organs of 
Sight and Hearing may, when deficient by Age. receive 
| | confiderable 


358 THE YOUNG GENTLEMAN 


conſiderable Improvements, and, as it wete, a Renovation 
%% ᷣ ND TOTO” Meg 
Clean. Before we leave this Subject of ' magnifying 
Sounds, I muſt put you in mind of the Wikkzertog. 
gallery in St. Paul's, which gave you fo much Surprize 
and Entertainment when you was laſt at London. You 


= 


then heard a Voice ſo loud and diſtin as if the Perfon 


was within the Diſtance of a few Feet; whereas, he 
was really at the other Side of the Gallery, and his 
Voice emitted in Whiſper ſo low as not to have been 


heard by you near him, had it been expreſſed in a Room 
of a common Form. But this ſmall Force of the Voice, 


being imprefſed upon the Air contained in the Room, or 
Space above that Gallery, was greatly increaſed, ' by a 
conſtant Reflection and Reciprocation from the fpherical 
Surface of the ſaid Dome, and became as it were at 
Length converged and condenſed on the Drum of the 
Ear, which, though at the Diſtance of the whole Diame- 
ter of the Dome, are rendered ſufficiently ſtrong to 
.excite the Idea of every Word that is ſpoke. — — But, 
after all, it muſt be confeſſed, that few of our acouſtic 
Writers ſeem to underſtand the Cauſe of this Phænome- 
non, and to explain it with that Clearneſs and Satis- 
faction, as Opticians do with reſpe& to the Microſcope, 


for magnifying the ſmalleſt Objects, or rendering them 
very diſtinct to the Eye. 


—I ſhall mention only one 
Inſtance more, in which there is a Similarity between 
Light and Sound, viz. in regard to Velocity; but in this 
though the Velocity of Sound be exceeding great, yet it 


bears ſcarce any Proportion to the Velocity of Light; 
for the latter cannot be rendered ſenſible, or meaſured by 
.any common Experiment. However, by ſome Obſerva- 


tioas of the new and improved Aſtronomy, the Velocity 


of Light is found to be about 12 Millions of Miles per 


Minute: Whereas, the Velocity of Sound is found, by 


- unexceptionable Experiments, not to exceed 1142 Feet 
per Second: And hence it is, that we find a confiderable 


Time intervenes between ſeeing the Action, the Stroke, 
or Exploſion of a Gun, and hearing the Sound thereof, 


vix. ſo many Seconds as the Number 1142 Feet is contain- 
ed in the Diſtance between us and the Object that emits 
the Sound, | VV 
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Euphr 55 If this be the Cafe, it muſt be eaſy to mea- 
ſure the Diſtance of an Object by meaſuring that Interval 

of Time, which, I ſuppoſe, you can very readily do by 
Pendulums. 

Cleon. Yes, very eaſily, my Euphreſyne; and for that 
Purpoſe I have here provided you a half-ſecond Pendulum; 
for by that alone you may very nearly meaſure the Diſtance 
of a Cloud, at any Time, when it thunders and lightens: 
For Inſtance, the next Thunder-ſtorm, you hang up the 
Pendulum on a Pin, and hold the Bob in your Hand rea- 
dy to let it go upon ſeeing, the Flaſh ; then, telling the 
Nocte of Vibrations which are made between that, and 
hearing the Clap of Thunder, you have meaſured that 
Interval of Time in Half-ſeconds; half that Number is 
the Number of whole Seconds, which the Sound takes up 
in coming from the Cloud to the Ear, to each of which 
you allow 1142 Feet, and, confequently, you thereby 
kndw the Diſtance of the Cloud in Feet to a great Degree 
of Exactneſs, and which, indeed, cannot be found ſo tru- 
ly in any other Way. - | 

Euphroſ. I am obliged to you for this little Inſtrument; 
and (hal put it in Uſe, according to your Direction, the 
firſt e that offers. 
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Of the ProPERTIES of S$oUND, with 2 t 
Music, or HARMONY. 


Cleonicus. 1 


E have hitherto conſidered the Properties F | 
Sound which reſult from the Manner in whi 
they are generated and propagated ; and as Sound conſiſts 
wholly in the vibrating Motion of the Air, it was fp 
to obſerve, that the different Forces by which thoſe 
Pulſes ſtrike the Drum of the Ear, will raiſe thoſe Ideas 
in the Mind which are expreſſed in the various Degrees 
of ftrong and beat Sounds, or otherwiſe diſtinguiſhed by 
ud and low; for in Proportion as the Force is otter 
Vor, II. B b on 
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on the Membrane of the Ear, ſo the Sound will ever be 
ſtronger or louder, and vice verſa. | 5 
Eupbroſ. This I can very eafily underſtand. 
But what are thoſe Affections of Sounds which you call 
their Notes, or Tones, with their various Diſtinctions, as 
T find them in my muſical Books ? Something of this Kind 
I ſhould be glad to underſtand, as I ſhould be then ſaid 
to join a little Theory with my Practice. 
_ Chon, You muſt not, my Eupbroſyne, expect much 
to excel in both: lt is a Thing hardly ever known, 
that a Perſon was completely ſkilled in the Theory of 
Mufic, and, at the ſame Time, a great Proficient in 
Practice. I am very well informed, that HAN DEL him- 


ſelf knew but very little of the Philoſophy of Muſic, at 


leaſt the mathematical Part thereof, W hat you 
enquire after now, are the firſt Principles of natural 
Muſic, and they are extremely eaſy and ſenſible to what 
we may properly call an harmonic Ear; but to others, 
they have but very little Diſtinction, or Meaning: Such 
People hear Talk of the Seven natural: Notes of Muſic, 
as a blind Man may of the ſeven different Colours of 
Light; for in neither Caſe can any diſtinct Ideas be form- 
ed of the Objects: But an Ear like your's, naturally 
formed for hearing Sounds, will readily apprehend what 
is meant by their Tone, or Tune, with all their Differ- 
ences and Gradations. You will then, in the firſt Place, 
conſider, that the human Mind is naturally diſpoſed to 
be pfeaſed and delighted with ſome particulat᷑ Modifica- 
tions of Sounds above others: Thus the Sound of a String, 
properly ſtrained and ſtruck with a _ is generally 
very agreeable to every Ear; but thoſe who have a mu/ical 
Ear will find the Tone of that String, when put in 
Motion by the Air, ſtill much finer and more exquiſitely 
F Ae you yourſelf may be thoroughly convinced of 
by the Experiment of the Aoluss Harp. But other 
Sounds are emitted from Bodies, which are as diſagreeable 
and uneaſy to the Ear; as in the Caſe of whetting a 
Saw, &c. where we are to obſerve, that all the Degrees 


- From the moſt grating to the molt pleaſing Sound arrive 


principally from the Manner, in which the ſame Body is 
ſtruck, or put into Motion : The finer and more delicate 
the Touch, the more delightful and exquiſite the 15 
12 2891 & & = a _- ; . 8 ; ! 4 1 t 
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that enſues, as we, by Experience, find in the Violin, the 
Spinet, the Lyrichord, the Dulcimer, and the Æolian Harp: 
Alco, if a Glaſs be properly ſtruck with a Wire, 
it will emit a pleaſant Sound; but if it be artfully touch» 
ed with a Finger a little wet, the Sound will be ſtill much 
finer and more agreeable; from all which we may col» 
lect, that all we mean by the Notes, or Tones of Sound, 


as REY 2 Modification thereof as renders them more or 


leſs agreeable to the Ear. 

Euphroſ. I believe I underſtand you in all that you 
have faid, and, therefore, ſuppoſe that theſe Sounds, emit- 
ted from Bodies, which are moſt agreeable and pleaſing 
to the Mind, are ſuch as you call harmonical Sounds, or mu- 
{ical Notes, Ang of which the Muſicians ſerve themſelves 
in their various e e e what is that you call 
Concord, or Diſcord, in Sounds ? 

Clan. By Concord, is meant the pleaſing Agreement of 
any two or more Sounds, or Notes; and by Diſcord, of 
Courſe, we mean the diſagreeable Effect of two or more 
Sounds, upon the Ear, following each other in Succeſ- 
fon: For the Mind of Man is alſo naturally formed to 
receive Pleaſure from a certain Succeſſion of Sounds, or 
ſuch as follow each other at proper Intervals; and for this 
Reaſon they are called, the muftcal Intervals of Sounds: But 
when Notes, or Sounds, ſucceed in a different Manner, 
and at other Intervals, then they become inharmonious 
and diſagrecable. And it now remains, that I ſhew you 
what Kind of Intervals of Sound, in Succeſſion, are of a 
muſical Nature, and on what Principles they depend 
The eafieft Method for this Purpoſe will be, that of a 


String properly rained on a Board, on whoſe Vibrations 


each Tone will be found to depend: Accordingly, I 
have here provided you with ſeveral of thoſe Strings, of 
different Sizes, Length, and Degrees cf Tenſion ; for 
you muſt obſerve, that according to the Time in which 
a String vibrates, its Note will vary with reſpect to high 
or low, or what the Muſicians call Grave and Acute. 
For Inſtance ; the Wire you ſee here, being ſtrained 
pretty tight, emits a Sound when I ſtrike it with a 
Quill, which is confiderably ſtrong, high, or acute: 
ut now I will relax it a little, and then, ſtriking i it, 

ou u readily obſerve the Difference there 3s in the Note, 
B b 2 vig. 
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* d o = 4 , 
viz. that it is now much lower, or more grave as they 
call it; and this Variation, with reſpect to grave and acute, 
depends, as I ſaid, on the different I ime of the Vibrations 


of the String ; for you. muft know, that the Vibrations 


of a String are analogous to. thoſe of a Pendulum, and 
are all performed in cqual Times, while the String con- 
tinues in the ſame Circumſtances: But the Times of the 
Vibration of the String will be varied according to its 
Size, Length, or Tenſion. Thus for Illuſtration, ſuppoſe 
two Strings of equal Lengths, and ſtretehed with equal 
Weights, but the Quantity of Matter in one juſt 
double that of the other, then the Time of one Vibra- 
tion of the largeſt will be juſt double to the Time of 
a Vibration of the Leſſer, and the Note or Tone will 
be twice as /ow, or more grave, in the firſt than in the 


laſt. = 


Eupbroſ. This I readily apprehend, from the Ex- 


riment; for ſtriking the two Strings ſucceſhvely, I 
find that which has the leaſt Diameter has a. Note or Tone 
higher than the other, by what is called an O&ave : 
But now I have mentioned that Term, I ſhould be 
jad if you would give me ſome hint of the Etymology 
Cleon. By the word Otave, the Muſicians denote 
ſuch an Interval in the Tone of muſical Sounds as 
contain all the feven natural Notes'of Mufic, as they 
are called, and which are employed as the Materials 
of all harmonical Compoſitions: And the ſeveral-Inter- 
vals of theſe Notes, you know, are included- between 
the two Extremes of the Fir/t and the E19hth, which whole 
Interval of muſical Notes is therefore called an Oc- 
tabe. | | 
Euphroſ. The practical Part of your Doctrine I know 
very well ; for on mygHarpfichord, when I ſtrike the 
Key C, it is what my Maſter bas taught me to call the 


Chord, or Key Note, in reference to which others above 


and below have different Denominations, according as 
they are higher or lower. Thus the fix following Notes 
above D, E, F, G, A, B, and thoſe below the Chord 
are of the ſame Name in a contrary Poſition; ſo that 
what is called an Octave, I find, is the Extent of theſe 
ſeven Notes, taken either Way, upon the Keys of the 
Harpſichord ; and as the Strings belonging to thoſe 
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different Keys have different Notes or Sounds, I preſume 
you will next explain to me the Reaſon why theſe are 
made choice of, in Preference to any other which are 
contained in the ſame Interval, or Octave. 

Cleon. I {hall give you the Reaſon of that by- and-by ; 
but I muſt now proceed with the Rationale of the grand 
Interval or Octave; for, as I told you, this Interval in 
the Sound of Bodies is procured in Strings three different 
Ways; the firit of which is, the Experiment under 
Conſideration : You ſee, by this, the Notes are in Pro- 
portion to the Quantity of Matter inverſely, ſo that a 
String twice as big as another will have a Note twice as 
low, all Things elſe being equal : —But the fame 
Difference in che Lone or Sound of Strings (that are 
among themſelves of equal Weight and Length) is pro- 
_ cured from a different Degree of TENSION; for if two 
equal Strings be placed near each other, as you ſee here 
on this muſical Board, (or Tonemeter, as it may be called) 
and then ſtretched with equal Weights at the End, there 
will be no Difference in their Tone. For Inſtance, 
you ſee, I hang a Pound Weight to each, now ſtrike 
them with your Quill. 

Euphbraſ. I do, —and find the Taki or © Thin of 
<ach String exactly the ſame, or Uniſon. —But now, 
pray, how much Weight muſt you add to one of them 
to make the Difference, or OAave, as before? 

Clem. Here you muſt know, the Mathematicians 
have found by the Rules of their analytic Art, that the 
Tones or Tunes of Strings are higher in Proportion to the 
Square Roots of the Weights, or Forces by which 
they are ſtretched ; ſo that if 1 would raiſe the Notes 
ol one of theſe Strings, an O#ave above the other, or 
to make it found a Note twice as high, or more acute, 
then it muſt be ſtretched with a four Pound Weight 
(becauſe twice two is four), and this you ſee will be 
verified by Experiment; for to the one Pound which 
now gives it a Tone equal to the other, I will add three 
Pounds more, which I have done: Now ſtrike them 
as before. | 

Euphroſ. Well, this is a very curious Experiment 
truly !>S—— The Difference in their Tone ig accurately 
an Oftave.——— From this Experiment I fee the Reaſon 
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of tuning the . Harpſichord, by ſtretching their Strings 
more, or leſs, to raiſe their Notes higher, or lower, by 
turning the iron Pegs with my Hammer till I have pro- 
duced the Note deſired ; for as the Tone of a String de- 
pends on the Degree of its Tenſian, the Manner in which 
we ſtretch the String will make no Alteration 
— But, according to this Doctrine, by hanging on 
different Weights, to the ſame String, you could produce 
all the different Notes contained in the O#ave. 1 

Cleon. Ves, with Eaſe; for Weights adjuſted and 
determined by the above Rule, being appended at the 
Ends of ſeven equal Strings, will produce you an Octave 
of the ſeven natural Notes of Mufic. Thus for In- 
ſtance: If eight equal Strings are ſtretched by Weights 
which are in Proportion to the following Numbers, 
which may be conſidered as Ounces, viz. 60, 75, 94s 
106, 135, 166, 210, 240, then will their Notes or. 
Tones be thoſe. required, for conſtituting a muſical 
Oclave. But there is yet another, or third Method, 
by which the ſame Difference is produced in the Sounds 
of Strings, and that is, the Difference of their LEnGTHsS 5 
for two Strings, in all other Reſpects equal, having their. 
Lengths as 2 to 1, will have their Notes inverſely, or as 
I to 2, that is, the Note of the ſhorteſt String will be 
twice as high as that of the longeſt.— This I have like- 
wiſe provided you an Experiment to prove; for of the two 
Strings which before were ſtretched with equal Weights, 
viz. a Pound each, one of them ſtill continues the. 
fame; but the other I have made of half the Length, 
by putting a Bridge under the middle Point of the String, 
to ſtop the Vibrations, or confine them to' half the 
Length: and now, though the Strings are ſtretched with. 
equal Weight, and are of equal Magnitude, yet, upon 
ſtriking them, you will find they emit, very different 
Sounds. —Try the Experiment. 555 | 

_  Euphroſ, I will: ——And as in the two former 


Caſes, ſo in this, there reſults the Difference of an. 


Q)Aave preciſely in their Sounds. Since this is the 


Caſe, I readily conceive that all the natural Notes of. 


the Octave may be produced by proper Lengths of Strings 


between theſe two, which Lengths, I ſuppoſe, are not 


difficult to be aſſigned by the mathematical WN 
: . 5 eon. 
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into 100, or 1000 equal Parts, which, you ſee, is here 
done upon the board, or Tenometer This Line fo divided 


is called the MonocHoRD, or Ba/e-Note to the reſt of 
the Oclave, or the Key, with Regard to any particular 


Air or Species of Muſic. —Now, by the Rules of 
muſical Arithmetic and Geometry, the Numbers, or Diviſions 
of this Line, are eaſily aſſigned for giving the Lengths of 
the Strings to ſound the ſeven Notes above the Baſs ; 
and by placing the Bridge againſt thoſe Numbers, this 
other String may receive all thoſe various Lengths, and 
will accordingly emit the ſeveral muſical Sounds required 
thoſe Numbers are as follow, viz. 500, 533, 600, 666 

750, 890, 888, 1000; fo that, for Example, if I 
ſtop the String with the Orgy. places againſt 500, it 
gives but half the Length of the Monochord, and ſounds 
an Oaave above it, as you have heard. ——— If I place 
the Bridge againſt 533, it gives the Note which the 
Muficians call the Seventh Greater: If the Bridge 
be removed and placed againſt 600, its increaſed Length 
will give the Note called the Sixth Greater -—It {topped 
5 the Number 666, it gives the % Note, or 
Diapente, as the Muſicians call it : ———By placing the 


Stop againſt 750, you have the Drateſſaron, or fourth 
Note above the Key By ſtopping. the String at 
800, you have that remarkable Concord called the Zhird 
Note above the Baſe :— and, laſtly, by placing the 
Bridge againſt 888, you have the Note called the Second 
Greater ; the Key Note being the whole 1000: And thus, 
you ſee, all the ſeven natural Notes on the ſame String 
are produced by ſtopping at thoſe mulical Diviſions of the 
M oo er .,. - „ 
Euphroſ. Indeed, this has given me a more clcar and 
diſtinct Idea of this famous muſical Diviſion, the Q2ave, 
than ever I had before: But there is one thing I obſerve 
in your Expreſſion of theſe Notes, which naturally 
excites the following Query, Whether the Seventh 


reater, the Sixth Greater, Fourth, Third, and Second 


Greater, do not imply that the ſame Notes may be 


{lo Leſſer ? 
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Cleon. Nothing is more eaſy; for which Purpoſe, 
it is cuſtomary to divide the Length of the longeſt String 
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Cleon. Ves; that you will conclude of Courſe ; ſor, 


in the muſical OXave, thoſe Notes mentioned may be ar. 
made higher or lower, by half a Note; that is, with in 
Regard to the Baſs Note, the third Note above, for In- in 
ſtance, may be made a little higher or lower, according 
as the Air of the Muſic requires: The Higher is Ce 
called the Greater, and the Lower is called the Leſſer : thi 
But yon will better know and diſtinguiſh theſe Differences th: 
by other Names that you have been more uſed to, viz. K 
FLATs and SHaARPs'; for a flat Third is a Third Leſſer, of 
and is the very ſame with the Sharp Second, or Second po 
Greater: Thus alſo the Flat Sixth is the Sixth Leſſer, 272 
but it is nothing more than the fifth Note made half a TI 
Note higher or ſharper: But the ſame fifth Note made of 
half a Note lower, or flatter, becomes the Fourth Greater, FW 
and fo of the reſt, Hence it is that in any muſical wi 
Compoſitions thoſe Notes may be adapted to the Nature Vi 
of the Harmony, or Species of Mufic : Thus, for Ex- ſta: 
ample, in all grave and ſolemn Ars, the loweſt and Vi 
deepeſt Notes of Inftruments are generally uſed ; but the 
in briſk and lively Strains the' higher Keys on the Harp- in 
ſichord are moſtly employed. If the Air be of the ſuc 
mournful; or elegiac Kind, thoſe Notes are lowered, and tha 
the Muſic is ſaid to be compoſed in a Flat Key : But in twi 
Odes and Songs, whoſe Subjects are Love, Mirth, Joy, are 
c. then the Muſician in a Sharp Key tunes all the Strings a ( 
to their higheſt Notes, and renders, by that Means, the of 
| | Harmony as chearful as poſhble. ; x | 62 nn 
: Euphroſ. You are now within the Compaſs of my bet 
Ct Comprehenſion, I underſtand all you have ſaid with reſpect the 
| to Flats and Sharps: By thoſe half Notes, I obſerve, agt 
| you mean thſoe five ſecondary Keys that lie between the wil 
| common Keys of the'Spinet, with their black and white 2 
| Surfaces, by which we render any of the natural Notes, Stri 
| or Keys, betwen which they are placed, flatter or cho 
"1 ſharper, at Pleaſure ; ſo that theſe five being added to vibr 
the other eight, make thirteen half Notes in the Octave Vib 
inclufive. © - SR ALS AN np BY . beii 
* Cleon. This Variety of Notes in the flat and ſharp Cor 
Keys make the common Gar, or Diatinic Scale of ( able 
Muſic; and ſeveral of theſe repeated are contained within con 
the Compaſs of many Inſtruments, viz. the Spinet, thre 


Harplichord, Lyrichord, Organ, &c. . | 
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Euphroſ. Of theſe Notes, the Ofave, Fifth, and Third 
are a Sort of governing ones, or have the principal Regard 
in every Compoſition: Pray, on what Account are they 
intitled to this Pre-eminence ? | 
Clean, On account of their being the moſt perfect 
Concords in the Scale, z. e. their Sounds, ſucceeding 
the Ofave, have a more agreeable Effect upon the Ear 
than the Sounds of other Strings: The natural Reaſon 
of which is owing to the Frequency of the Coincidencies 
of their Vibrations; to make which Doctrine as plain as 
poſſible, I muſt obſerve to you what I before mentioned, 


wiz. That the Tune of a String depends upon the 


Time of its Vibration ; therefore, the ſhorter the Time 
of the Vibration, the, higher the Note will be; and in 
Vibrations that are performed in different Times, there 
will, at certain Intervals, be a Coincidence of thoſe 
Vibrations in all of the muſical Kind: Thus, for In- 
ſtance, if two Strings vibrate in equal Times, then the 
Vibration of one muſt conſtant'y coincide with that of 
the other, and they produce a MonoTone, or UnisoNn, 
in which there is no Variety; and conſequently two 
ſuch Strings can make no Harmony. But if we conlider 
that String which is called an Odlate, as its Tone is 
twice as high as that of the Key-aote, ſo its Vibrations 
are twice as quick; and conlequently there will be 
a Coincidence of Vibrations at every ſecond Vibration 
of the Oave, or every ſingle Vibration of the Mono- 
chord. Now, as this interval is the ſhorteſt that can be 
between any two Strings in the ſame OZave, therefore, 
the Effect of ſuch Coincidence will produce the moſt 
agreeable Concordance of Sound, or (in other Words) 
will conſtitute the moſt perfect Concord in muſical Sounds. 
| —Again, the Fifth Note being ſounded from the 
String whole Length is two-thirds of that of the Mono- 
chord will vibrate three times: while the Monochord 
vibrates twice; ſo that there will be a Coincidence of 
Vibrations at every Second of the latter, which Interval, 


being twice as great as the former, is not fo perfect a 


Concord as the O/ave, but is yet next to it in its agree- 
able Effect and Perfection of Harmony: Then if we 
conſider the Fourth Nite, the String which ſounds it is 
three-fourths of the Leugth of the Monochord, and 
| e 8 thereſore 
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therefore will vibrate four times to every three Vibrationg 
of the latter; thereſore the Interval of Coincidence 


will be now three times as long as in the Octave, and 
conſquently will, in Compariſon of that, be a much 
Teſs perfect Concord: But when we conſider the 


Length of the N the Third, we find it 


in Proportion to the Monochord, as 8 to 10, or as 4 to 
5, and the Interval of Coincidence of courfe will be at 


every fourth Vibration of the Monochord, and therefore, 


in itſelf conſidered, not ſo perſect a Concord as the 
fourth; yet its Effect is found, in muſical Compoſitions 


with other Concords, much more agreeable than that of 
the fourth Note, and therefore is eſteemed by Muſicians 


as the third muſical Concord. This is the general Prin- 
ciple or Ground of Concord; thole Notes being reckoned 
Diſcords whoſe Pulſes, or Vibrations, rarely coincide 
with thoſe of the Monochord, as thereby they produce a 
more diſſonant and leſs agreeable Sund. 
* Euphroſ. As the Tones of Sounds depend on the times 
of the Vibrations, I ſhould be glad if my Curioſity could 
be ſatisfied with regard to the greateſt Extent'of Note, or 
Sound, which Bodies are capable of emitting, or which 
WEIR TS Fr ET 
Cleon. An Anſwer to this Queſtion requires more 


Experience in muſical Sounds than I can pretend to: 


But a certain Gentleman abroad, Mr. SauvEUR, has 
made great Numbers of Experiments on the Vibration of 
mulical Strings, and conſequently of ' mufical Sounds; 
has found that ſuch Sounds as can be heard diſtinctly and 
with Pleaſure, and in whoſe Tone a Difference can be 
clearly perceived by the Ear, lie within the Compaſs 
of ten O&faves; and if we include the loweſt harmonic 
Sounds, on the one Hand, that can be heard, 'and: the 
higheſt that the human Ear can bear, on the other, 
they will all be contained within the Limits of twelve 
OZaves and if this be the Caſe, it follows, that the 
Body which gives the ſhrilleſt Sound that the Ear can 


bear, makes 4996 Vibrations in the time that one Vi- 


bration is performed by that Body that gives the gtaveſt 
harmonic Sound, and that 124 of theſe Vibrations are 
performed in one Second ; therefore the Vibrations of 


the ſhrilleſt ſounding Body will be 51100 in the fame 


time; 


t 
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time ; ſo great are the Motions of the Parts of Bodies 
produced in exciting ſuch very quick Vibrations 
Euphroſ. As this is the Caſe, I do not wonder at an 
Effect which I bave often heard of, that is, the breaking 
of a Drinking-glaſs by ringing of it, or raiſing its 
Tone higher and higher; for, by this Means, having 
its Parts put into ſuch a violent vibrating Motion, it 
is no Wonder if they are ſhaken in ſunder, and fly into 
Pieces. _ ES ; | 
Cleon. I could very eaſily ſhew you this Experiment, 
but do not think it ſafe, the Note being at laſt fo exceeding 
ſhrill and acute, that I fear it might have a bad Effect 
on the Drum of your Ear, as it is but too well known 
that many People have been hurt by ſuch Kind of Sounds. 
However, | ſhall ſubſtitute a very innocent one 
in its ſtead, which will ſufficiently ſhow the prodigious 
Degree of Vibrations, and the vaſt Extent of Tone 
the Subſtance of Glaſs is capable of. —You ſee here 
a very large Glaſs, of a Bell-form, provided for the 
Purpoſe, into which 1 pour Water to fill Part : 
Then, dipping my Finger in the Water, 1 gently paſs it 
round the Rim of the Glaſs, and thereby excite, firſt, 
a very pleaſant grave and muſical Sound; but, as the 
circular Motion of my Finger continues, the Vibrations 
of the Glaſs are increaſed, which becomes extremely 
ſenſible both to the Ear and to the Eye: for you hear the 
Tone ſtill more and more intenſe and acute, and you ſee 
its prodigious EfteEt on the contained Water, in which 
it firſt produces Undulations, then very, quick Gyrations; 
at length, there appears ſuch an Agitation as may be 
compared to a-Kind of Hurricane, throwing with the 
utmoſt Violence, the Particles of Water into the Atmoſ- 
phere all around, and to a great Height above the Glaſs 2 
——-and-ſtil] might we raife this artificial Tempel to a 
e Height, but that I ſee the Tone of the Glaſs" 
_ a greater Effect upon you already than you can well 
IS IS y og eng | 
. Euphroſe Indeed, I cannot help ſhrinking, as it were, 
from it; but'am pleaſed to fee the wonderful Effect it has 
in the Body of Water, in theſe turbulent Emotions which 
it occaſions, ſuch as we could ſcarce have ſuppoſed, or 
believed, if they had not been evinced by Experiment: 
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But I ſhall trouble you no longer, at preſent, as you pro- 
poſe, at our next Meeting, to explain the Rationale of the 
general Part of muſical Inſtruments, 


— 


DIALOGUE VIII. 


The Rationale of different Kinds of M USICAL 
INSTRUMENTS, conſidered. 


Euphroſyne. 


I Have pleaſed myſelf with the Proſpect of the preſent 


Opportunity of being inſtructed in the Nature, Con- 
ſtruction, and Rationale of muſical Inſtruments ; which 
you informed me was to be the Subject of our Conver- 
fation at this Time. You have always known my 
Diſpoſition is ſuch, as to be equally inquiſitive after 
the Reaſon, as well as the Practice of every Art LI 
delight in; as I have always looked on it as an Argu- 
ment of Indelicacy, and want of 'Taſte, in thoſe who 
are wholly occupied in learning the mechanical or 
practical Part of an Art, with a View to ſenſual Enter- 
tainment only, without regarding the ſublimer Pleaſures 
that ariſe to the Mind from a Contemplation of the 
Principles which conſtitute the Theory, or Reaſon of 
the ſame, 

Cleon. I was ever glad to ſee ſuch a Turn of Genius 
in you, and every one elſe: Though, as I have hinted 
to you before, the Principles, or Theory of Muſic are 
not quite ſo obvious as thoſe of any other Sciences; yet, 
as they principally conſiſt in the Docttine of Vibrations 
of the conſtituent. Parts of Bodies, if this were well 
attended to, and properly explained and illuſtrated by 
Experiment, you yourſelf are a Proof, my Euphroſyne, 
that they fall within the Comprehenſion and Capacity of 
the Fair-ſex ; and how delightful, as well as graceful, 1s 
it both in common and ſacred Mulic, to fee and hear a 
Gentleman or Lady not only play with their Hands, and 
ling with their Voice, but with their Underſtanding and 
Judgment alſo ? 


E upbreſ. 
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Euphroſ. I have great Ambition to excel. in both, as 
far as I am able: pretty clearly underſtand what 
you have hitherto faid in regard to the vibrating Parts of 
Bodies : That Sounds in general are :ccaſioned by 
the Pulſes of Air produced by thoſe Vibrations : 
That muſical Sounds in particular are ſuch as have a 
delightful and melodious Effect upon the Ear :— 
That Concords and Diſcords proceed from a greater or 
leſs Frequency. of the Coincidence of thoſe. Vibrations 
in ſounding Bodies: From theſe Principles I can eafily 
infer, that all Kinds of ſtringed Inſtruments, as alſo 
Glaſſes, Bells, and other ſonorous Bodies, are capable of 
emitting harmonious Sounds; and of Courſe, by the 
Rules of Art, may be formed into muſical Inſtruments ; 
Bat how, and in. what Manner this is done, I cannot 
pretend as yet to have ſo clear an Idea of, and there- 
fore ſhall beg your Aſſiſtance in theſe Points of Informa- 
tion. 35 . 

Clem. With reſpe to ſtringed Inſtruments in general, 
the Principle of their Conſtruction is this, that as they 
conſiſt of ' ſeveral Diapasons, or OcTavEs, ſo they 
afford three different Degrees of muſical Notes, the 
Treble, Tenor, and Baſe; the firſt of which contains the 
Notes of the higheſt and moſt acute Sounds; the Second, 
or Tenor, thoſe of a mean Degree of Sound ; and the 
laſt, or Baſe, thoſe of the loweſt or graveſt Order. And, 
according to the Form and Extent of the Inſtrument, 
the Strings which compoſe the ſeveral Ofaves are modu- 
lated and fitted to emit. their proper Notes, or. Sounds, 
by one or other of the three Ways that I mentioned to 
you in the laſt Conference ; for, as I then ſhewed you 
by Experiment, the Inſtrument-maker has it in his 
Power to produce any given Note in a String in any ot 
thoſe Ways, as Occaſion or Neceſſity requires; or he 
can raiſe or lower the Note by a. ſmaller or a larger 
String of the ſame Length :——By a ſhorter or longer 
String of equal Size : A ad, laſtly, by giving a 


different Degree of Tenſion to one and the ſame String: 
And thus in all the Inſtruments where the Strings are to 
be of a fixed and determinate Length, as in the Dulcimer, 
Spinet, Harpfichord, the Tyre, the Lyrichard, &c, the 
String? of the various OzZaves are always adjuſted and 


— 


tuned in this Manner. 


Eupbreſ. 
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Eupbroſ. This I apprehend pretty eaſily, with regard 


to the Inſtruments that I have every Day before my Eyes; 
in theie, as the OZaves and Strings in each are of a given 


Length, or invariable, if they are once put in Tune, a 


Perſon has nothing to do but to get the fingering Part, 


and he muſt neceſſarily play the Tune by ſtriking the Keys 


proper to the Notes of the Muſic: But this ſeems to me, 


though a very fine Species of practical Muſic, the moſt 
mechanical of any. 
Cleon. It is fo, to be ſure; ſince jt is poſſible for a 


Perfon, without any Ear or Genius for Muſic at all, 


to learn to play on thoſe Sorts of Inſtruments, after a 
Manner : But mechanical as they are, no fine Muſic can 
be produced from them but by a curious Hand and ju- 
dicious Ear. However, it muſt be confeſſed, that other 
Sorts of ſtringed Inftruments are, in their own Nature; 
of a more curious and artful Conſtruction, and of a more 
univerſal Nature. 33 

_ Euphreſs 1 ſuppoſe you mean, by theſe, all that 
Claſs of Inſtruments comprehended under the general 


Names of Violins, Harps, c. I cannot ſay there is 


much of a Wonder in producing ſuch a Variety of 
Notes from a Harpſichord, where there are ſuch a Number 
of Strings ; but I have oftentimes very much wondered 
How they produce ſuch a Variety of Notes, and play an 
Infinity of Tunes, on an Inſtrument of ſo few Strings as 
that of a Violin, for Inſtance. Ca 

 Cleon. The Wonder here will ſoon ceaſe if you con- 
fider, that an infinite Variety of Notes may be produced 
from a ſingle String; for it affords as many different 
Notes as Points in which you can ſtop it: Thus, for 
Inſtance, if you ſtop it in the middle Point, you have 
a Note which is an Octave above that which is produced 
by the String at its whole Length: If you divide the 
remaining Part into two equal Parts, or ſtop that in the 


middle Point, then, ſtriking that ach Part wich che Bow, | 


it will emit a Sound which is a double Octave, or fixteen 
Notes above the Baſe Note, or that of the whole String ; 
'This 4th Part being again divided or ſtopped in the 
Middle, produces a 3d Octave of Notes; and ſuppoſing 
another String of a different Size added to this, you 
have, by ſtopping that in the like Manner, othec Octaves 

: | pło- 
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produced, all differing from the former; and ſo of a 
third and fourth String: And therefore, in the Violin 
of four Strings, a ſkilful Muſician may extend his 
Scale of Muſic to 8 or 12 Octaves, or even farther if 
there was Occaſion, by properly ſtopping the Strings : 
But in this Caſe, there muſt be Velocity and Judgment 
at the Finger's End, ſuch-as is required for performing 
all the different Kinds of Muſic. The former of which 
is attainable only by Practice, and the latter by the 
Aſſiſtance of a good Ear, naturally conſtructed for a 
nice Diſcernment of muſical Sounds. On theſe Inſtru- 
ments, Nature is the ſole Miſtreſs in the School of 
Muſic; and it is ſurpriſing, to find what Proficiency 
ſome Pupils have been ſeen to make in this ſeemingly 
difficult Part of the Art: But it is in Muſic as in Poetry; 
if Nature dictates, her Leſſons are very plain and eaſy, 
and give us no trouble either in learning'or practifing, 
The Poet writes Verſes, perhaps, more naturally aud 
elegantly than he can talk in Proſe; and the Muſician 
plays the moſt difficult Pieces with ſo much Eaſe, as if 
they had acquired this Knowledge before they came into 
the World, according to the ancient Doctrine of Tranſ- 

ws ray . 55 
Eupbroſ. All you obſerve, I think, is very Juſt, and 
it gives me a clear Idea how an Inſtrument of a ſmall 
Number of Strings might be of an unlimited Extent, in 
Muſic, while one of a much greater Number is perfectly 
confined: But, pray, Clzonicus, can you ſolve me one 
uery on this Head, viz. how it 1s poflible to produce 
all the natural Notes in a muſical Octave by one Stroke 
of the Bow, and the ſame Length of the String; for this 
I aQtually ſaw and heard from a very fkilful Muſician the 
other Day ? 1 | | 5 
Cleon. I have likewiſe ſeen and heard the ſame Thing; 
it is a Paradox in Muſic, I allow, and has been ſtrongly 
denied by many who have not been convinced by the 
Fact: It is true, the three Principles, viz. the Length, 
Tenſion, and Diameter of the Strings, are thoſe which 
in general cauſe any Variation, in the Notes of ſounding 
Bodies ; but, from this and many other Experiments, it is 
very certain there are other leſs evident Cauſes which 
concur in producing that Effect, ſuch as the pr or 
| | | jener 
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Iefſer Degree of Preſſure on the String, in the Motion of 


the Bow over it; alſo, the Diſtance ſrom the End of the 


String, at which it is touched; as likewiſe, the greater or 
lefs Preſſure of the String by the Finger; and ſome other 


Circumſtances may enable a Perſon, with a good muſical 


Ear, to vary the Sound of the String in the Manner be- 
fore. mentioned. „ | | 

£uphreſ. You obſerved to me, in ſpeaking of the 
Harpſichord, that the Octave there was limited to 
thirteen muſical Notes, incluſive ; but in this free and 
unconfined Inſtrument, the Violin, I preſume, the 
Muſician has a larger Scope, and may be more cri- 
tically nice in the Diviſion, or Choice of his Notes, 


and thereby render his Mufic more refined and harmo- 


nious. 


Cleon, What you obſerve is very juſt; but for this 


Purpoſe, a Man muſt have a very nice and critical Ear : 


For, when you go beyond the common Flats and Sharps, 
it will not be eaſy for an ordinary Practitioner to know 


where or how to ſtop in Tune, or to make them more or 


leſs flat or ſharp. than he has been taught by the common 
Gamut, or Scale of Muſic. Your great Performers, 
and Maſters in this Science, extend their Scale to thirty- 


two Notes, incluſive, by raiſing, or Oe each of 


the natural Notes to ſuch a Degree as only their Judgment 


and natural Skill can direct; and, in this Reſpect, can 
even tranſcend the mufical Proportions of Geometry it- 
| ſelf. Theſe ſtringed Inſtruments, therefore, properly 


fretted or ſtopped, are capable of all the Variety that can 

be produced in the Science of Muſic and Harmony. 
Euphroſ. You ſeem to be more than commonly pleaſed 

with the Structure of the LyR1icHoRD, as I have often 


' obſerved from the Manner in which you make mention 


of that Inſtrument; and, by what I have ſeen of it, it 
ſeems more perfect in its Nature than any common Harp- 


fichord : Pray, what are the Peculiarities of this muſical 


Conſtruction? ; | 
Cleon. It partakes of the Nature of the Harp and 
the Violin, and is poſſeſſed of the principal Properties of 


both, and, at the ſame Time, exempt in a great Meaſure _ 


from the Imperfections of either: It has, indeed, a cer- 


tain or determinate Number of Strings, with Keys 
| | | _ © proper 
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proper to each, like the Harpſichord ; but, as you obſerve, 
"thoſe Strings are not ſtruck by Quills in the Jacks, but 
are brought down to the Surfaces of ſmal Wheels, 
which move with great Velocity under them, and by 
this Means they are ſuſceptible of a. Stroke from the 
Wheels, in the fame Manner as the Strings of a Violin 
are from a Bow, and therefore may, in a like Manner, 
have the Note produced, or contracted, as the Nature of 
Muſic requires: Whereas, in the Spinet, or Harpſichord, 


the Notes are but of a momentary Duration, being 


. ſtopped by the Cloth on the Jacks as ſoon as they are 
excited. _——By this Opportunity of estending, or 
ſwelling out the Note, they make the Harmony more 
fall or ſonorous, not Flee Bf unlike thoſe” noble 'and 
"high ſounding Notes of the Organ itſelf. But even 
in this Inſtrument, unleſs it be furniſhed with ſplit Keys, 
as they are called, you are ſtill confinea to the imperfect 
and ſcanty Diviſions of the common Gamur, : 

Euphroſ. But there ſeems to me an Apparatus in this 
Inſtrument which 1 have never obſerved in any other, 
and that is, of a great Number of Leaden-weights, very 
cutiouſly and artihcially diſpoſed in the Fore-part of the 
Inftrument, which I am informed, is for keeping the 


Strings conſtantly in Tune: What have you to ſay 


in regard to this Contrivance, Cleonicus 

Cleon. I think it a very curious and philofophical 
one; for, by Means of the large Weights, the Strings of 
each, reſpectively, have their due Degrees of Tenſion, 
proper to the Places they hold in each Octave: And by 
the Screws in the Mechaniſm ſor moving the leſſer 
Weights, the Tone of each String is adjuſted to the 
niceſt Ear; and when the Strings of the Lyrichord are 
once put in Tune, they muſt neceffarily continue ſo, 


as the ſame Weight, always acting "uniformly, mult 


produce the ſame Degree of Tenſion: This in a given 
String muſt always produce the ſame Note, and is the 
moſt excellent Property of this new conſtructed Inſtru- 
ment, and quite peculiar to itſelf ——  - I hough' this 
Invention might, without much Trouble or | Expenice, 
with a little Alteration, be applied to the Harphchord 
and Spinet, and thereby prevent the very frequent 
Trouble and Expence of tuning thoſe Inſtruments. 
Vor. II. 1 » Þ Euphrof. 
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Euphroſ. 1 could wiſh with all my Heart, this was DS, 
once done; for as I am not likely to be Miſtreſs of a „ 

Lurichord very ſoon, I ſhould be glad if that Inſtrument 
which I have could be contrived to be kept in Tune, 
without ſuch a frequent and neeeſſaty Rectification: But 

pray, Clonicus, in what Method would you propoſe this 


8 to be done? 3 ä | | 
— Culeon. Were I a muſical Inſtrument- maker, my 
| Euphraſyne, I ſhould attempt it in the Harpſichord in the 
following Manner: ——— You know that the Tone 


of a String varies with the Quantity of the Weight by 
which it is ſtretched ; theretore any Contrivance that 
would increate,. or diminiſh the Weight hanging to the 
End of the String, in any ſmall. Degree, would be ſuf- 
_kicient for keeping that String to its requiſite Tone, Now 
It is well known that a Weight lying upon an inclined 
Plane will haye its Force {das or remitted, in Pro- 
portion as the Plain is leſs or more inclined; and there- 
fore, if on the back Part of the Spinet, or Harpſichord, 
| n were appended to the Strings, and theſe 
Weights ſupported on inclined Planes, on which they 
might freely move, thoſe Planes bx a Single Screw in 
; 18 might be elevated, or depreſſed to ſuch a Degree, 
as that the Strings ſhould be all of them exactly tuned, 
and of Courſe they muſt ſo, remain. Thus, one 
Set of Weights would be ſufficient to anſwer this Pur- 
poſe; and the Application leſs cumberſome and expenſive 
%%% 

Euphroſl. Well, I find I muſt. be content with my 
Harpſicherd as it is, ſince it is likely that this Alteration 
will not very ſoon take Place :—But,- pray, what new 
Species of Glaſs-muſic is that which ef late has been 
" the Subject of ſo much Diſcourſe, and Enquiry amongſt 
/ PN Oo 
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- * In'order to accommodate our mufical Readers with a 
Print of this moſt curious Inftrument, we ſhall here inſert that 
+ which we formerly gave in the miſcellaneous Part of the 
Magazine ; as few of our Readers will have an Opportunity 
of ſeeing the Inſtrument itſelf, they may derive, from a 
bare Inſpection of this, a ſufficient Idea of its Nature and 
CodſtruQion,, which we hope will prove uo ſmall Gratifi- | 
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Clean, Why, truly, my. Eupbroſyne, it is in this as 
in moſt other Caſes, that new Things make a very great 
Noiſe, and are generally conceived in a magnificent Idea 
at a diſtant View: but, upon a nearer Approach, and 
nicer Inſpection, they are ſeldom found to anſwer our 
preconceived Notions. of them: I believe, many People 
think this to be the Caſe of our new vitreaus Muſic. 
But why do you aſk my Opinion of it, when it cannot 
be ſuppoſed but you yourſelf are a proper Judge, as you 
have both heard and ſeen it? = 

Euphroſ. I was willing to know your Sentiments 
before I diſcovered my own : I confeſs, with reſpect to 
myſelf, it is as you ſay, the Fame of it ſeems to exceed 
its Merit; for the Performance, at which I was preſent, 
the farſt Time, fell greatly ſhort of my Expectation; a 
Second, anſwered better: But, pray, Cleonicus, why 
was Water uſed in ſome of thoſe Glaſſes, and others were 
played on without any?  __ 3 
Cileon. The Glaſſes will have their Tones altered, or 
varied, different Ways, ſuch as make the Vibrations of 
a different Duration: for, as I obſerved to you before, 
the larger Glaſs has the ſloweſt Vibration, and conſe- 
quently. the graveſt Note; and therefore, in any Glaſs, 
if you can leſſen the Bulk of its ſounding, or vibrating 
Part, you will thereby raiſe its Note to the required 


Pitch: And this may be done two different Ways; the 


firſt is by putting Water into the Glaſs, which will 
lefſen the Dimenſions of the ſonorous Part; for the 
Vibrations will extend no farther than to the Water, 
where they will entirely ceaſe, and therefore, by putting 
more or leſs Water into any Glaſs, the Vibrations will 
be rendered of a longer or ſhorter Duration, and thereby 
the Glaſs may be tuned to any Note required. The 
ſecond Way is, by grinding the Glaſs on the Edge till 
you have ſufficiently leſſened its Quantity, to produce the 
Note deſigned ; and this is the ſame Method, in Effect, 
they take for tuning Bells, by turning off ſo much from 
the Rim, or Surface, as is neceſſary for that Purpoſe. 
And in each of theſe Ways the Glaſſes are rendered truly 
Eee, 7 bo ir 41 

NK. One of thafe Performers, I obſerved, had 
all his Glaffes ftanding fingly before him, fixed down 


) 
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to a Board :=— Another had them placed round a 
common Axis, one within another, in the Manner as 1 
Bells are placed about a common Axis for the Chimes of prot 
a Clock: —————- The laſt of theſe Methods is, in my Har 
Opinion, much preferable to the former: But though 0 
] think the Notes from Glaſs much ſweeter and finer Expt 
than thoſe from a String, yet is the Muſic itſelf of a and 
much inferior Nature, as conſiſting only of plain Notes, that 
without admitting of any Shakes, or other Graces, which PH) 
all common Inſtruments are capable of: Beſides, this and 
Sort of Muſic ſeems confined to very flow Time, as a Proc 
temporary Stroking, rather than a momentary touching "Oi 
the Glass, fs here neceſſary, and therefore nothing of 8 
| that Agility in fingering can here be expected, which 137 
fo greatly Artingaitbe⸗ the Performers on other Inſtru- what 
= Clem. All that you have now obſerved are certainly here 
Y Facts, that will render this Muſic of no great Conſe- of eq 
| quence among the greateft Geniuſes of this Sort: It is theſe 
g more accommodated to Melody, or vocal Muſic, than Deg! 
: to that of common Concerts: for as the Notes of 1 
= Glaſs are ſoft and flowing, Gor are over-powered and Strin, 
2 abſorbed by the ſtronger and higher Notes of other Tes 
= _ Inſtruments. It is, however, a diſtinct Sort of real ExCep 
=_ Mufic, which is more than can be ſaid of the Zor.ian in th; 
1 Harv, whofe Notes obferve no muſical Proportion or vibrat 
| Sound, though they are all of them, from the higheſt there! 
| to the loweſt, moſt exquilitely pleaſing, or rather raviſh- produ 
nee BTR a Qui 
. Eiphreſ. I know this by frequent Experience; for Cone 
*M the Harp which I have, and often apply under the Saſh Motic 
| of my Window, fills me, as it were, with the Senfation of Be 
| of cefeſtial Sounds and 'Harmony :>———And- it is 2 very 
| amazing to find how the Notes will ' ſucceffively ariſe the & 
| from nothing, ſwell to the moſt exalted Tones, and then viſible 
| e on away ee ey fem titer erty BW Thing 
ET near at” Hayd ; at others, you hear them, às it were, a Mic 
| from the'remoteſt Diſtance; ——— And I have oftentimes you w 
FN obſeryed*that; from a different Number of Things in the vantag 
=. Harp, the ſame wonderful be r wilt ariſe.— Eu 
| | — ad; , farthermore, whether al thoſe Strings are in taking 
| Huilon, or tuned to the various Notes of atr Odave, EW Know! 
— | „ 
1 


4 
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no ſenſible Difference will ariſe in the Sounds which are 
produced from the Strokes which are made by the inviſible 
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Hand of Nature, | | 4 
Cleon. What you ſay, my Euphreſyne, I have often 

experienced the Truth of myſelf. ———And from theſe 

and ſuch like Phznomena, it evidently appears to me, 


that we are not yet fully acquainted with the PII os 


PHY OF SOUNDS, eſpecially thoſe of a muſical Sort; 


and that they have many other Cauſes concurring to 


produce and vary them, beſides the three mathematical 
Quantities, wiz. Diameter, Length, and Terſiin, of 
Strings. As a farther Proof of this, I ſhall enter- 
tain you with one Experiment more to ſhew how, and in 


what a ſurprizing Manner, muſical Strings are affected 


by each other's Vibrations: To which End, I have 
here provided you with a ſounding Box, and two Strings 
of equal Size and Length on the Top of it: If one of 
theſe, which I ſhall call A, be ſtrained to any particular 
Degree, and then we begin to ſtretch the other, which 
I call B, (and is placed very near to A) then will the 
String A be quieſcent, or at reſt, under all Degrees of 
Tenſion in the String B when it is ſtruck with a Quill, 
excepting that only which is the ſame with its own, and 
in that Caſe the String A will begin and continue to 


vibrate equally with the String B. The two Strings 
therefore, as reg have equal 5 


| egrees of Motion, will 
produce an Equality of Sound when equally ſtruck with 
a Quill : And hence we ſee the natural Cauſe of that 
Concordance of Sound which is called Uniſon. But the 
Motion which is given to the String A by the Vibrations 
of B only, will be very ſmall, and therefore produce but 
a very faing and almoſt imperceptible Sound: Yet ſtill 
the Sound is evudib/e to a good Ear, and the Vibration is 
viſible to a common Eye. —— However, that theſe 
Things may be extremely ſenſible td you, I have placed 
a Microſcope over the Middle of the String, wherein 
you will obſerve the Phænomenon to the greateſt Ad- 
vantage. —:;:;; 8 
 Euphroſ. I am greatly obliged to you, Cleonicus, for 
taking ſo much Care to inſtruct and improve me in the 
Knowledge of natural Things. II try the Experi- 


ments ſucceſſively; and firſt, while the Strings have 
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two Aiffeteat Bugrees of Tenſion, 1 flrike one of "a 
and 'obferve the other has no Motion even to the Eye 
aſſiſted by the Microſcope: But now, as I turn the 
Nut and gradually ſtretch. the String B, I obſerve, as 
it comes nearly to the Tenſion of the String A, 1 


the latter begins to move, till at length the Tremor 


increaſes, and ſhews the Vibration of the String not leſs 
in Appearance in the Microſcope than 4 of an Inch : 
Amd it is very curious to obſerve how this, Space 


Tendo leſſens, as I increaſe or remit the Tenſion. of 


the String B, above or below that of A, till on either 
Indeed, I can plainly ſee the Motion 
in the String A with my naked Eye, and can even hear 
By this Method, 
T apprehended, a Perfon that has no muſical Ear at all, 
may, with his Eye, aſſiſted by a Microſcope, put two 
Strings in Uniſon to the utmoſt Perfection. 
Cleon. You obſerve very rightly, my S and 
ot only in Uniſon, but likewiſe in any other comparative 
Bores of Sound: Thus, if T take the String 1 away, 


and ſubſtitute in its Room another which I call C, of 


Juſt half the Length of B, then you know, when they 
are under the ſame Degree of "Tenſion, there will be an 
Octave Difference in their Tone; or the Sound of C 
will be an Octave above that of A.———But nom what 
is very myſterious is, the Effect which the String C 
has upon the String A; for, when it is ſtruck, it will 
cauſe the String A to vibrate in two equal Parts: H hat 


is, with reſpect to its Motion, the String A is divided 


in the middle Point, and each Half vibrates equally with 
the String C, and that middle Point is entirely at reſt : 

A Thing, Which the moſt acute Philoſopher would never 
have ſurmiſed, had it not been deren by Experi- 
ment. which it is two ſeveral Ways. 

Eupbreſ. This will afford me very great Pleafure 
indeed: Could any one baye thought that a 
String could poſſibly be put into Motion by two Parts, 
and yet at Reſt in a Point between them, at the ſame 
Time! 

Cleon. So it is, my Euphroſyne, and the following 
Fel expat will evince the Truth of it l cut 


mall angular Pieces of hs 26d in this Form and Size, (AN 
tort 10 


$4 
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Size: 


before: 
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ſo that they may conveniently hang upon the String; 
then I place one of them preciſely on the Middle of the 
String A, and the other two juft over the Middle of each 
Half of the ſaid String :——— Now, my Euphroſyne, I 
ftrike the String C in a gentle Manner, and you obſerve 
the two laſt mentioned Papers are inſtantly. thrown off, 
while that in the Middle of the String A remains entirely 
at reſt, 

Euphroſ. I view the Fact with Aſtoniſnment; nor 
can it need any thing more than this ſimple Experiment 
to ſupport it. But could it not be otherwiſe ſhewn by 
the Microſcope as in the former Caſe? _. 

Cleon. Very eaſily, my Euphroſyne 5 


for NOW 


I place the Microſcope over the middle Point of the 


String A, and when you have placed your Eye over it, 
for the View, I will ſtrike the String C when you give 
the Word. | h 

Eup hroſ. T have a perfect View of the String A, and 
without any Motion at all: Therefore, now ftrike the 
String C: Well, though I hear you ſtrike it, I proteſt 
1 ſee no Motion in the Part of the String I look at, any 
more than before ; but it ſtill continues at Reſt. Now 
let me view the Middle of each Half. | 
- Cleen, 'I firſt place it over that Half which is by 
the String C: — Obſerve the String, and give me 
the Word. | 

_ Euphroſ. I ſee the String at preſent perfectly quieſcent ; 
you may now ſtrike it: A Tremor. ſeizes the 
String at once, and it is dilated into a very conſiderable 
Breadth, at leaſt 4 or 5 Times as wide as its natural 
And will the other Half produce the ſame 
Appearance, Cleonicus? ; $4779 

Cleon. The very fame.——-T will place the Microſcope 


over the middle Point of the other Half, and then you 


will be ſatisfied. SS 5 
Euphrof. At preſent the String appears at Reſt, as 
Now give the Stroke to the String C. 
= Immediately the String is all in Motion, with 


all the ſame Appearance as before — I am doubly 


convinced of this wonderful Event, and ſhould be glad 
f- you will give me to underſtand how, and in what 
SY f e ee Manner 
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Manner ſuch wonderful Motion is communicated from 
© tows | Mat Tar as 
: +Cleon. It is faid, by Philoſophers, : that as the String 
A caa be affected only by the Pulſes of Air excited b 

the motion of the String C, and thoſe Pulſes being of 
the ſame Length with the String C, therefore they can 
ſtrike it only in half its Length at the ſame Time; and 
therefore, by this Means, can put it in Motion only in 
thoſe two Halves; and fo the middle Point of the String, 
having nothing to ſtrike it, remains at Reſt.— This 
is accounting for it in a Manner ſomewhat ſimilar to 
the Thing 1 allow; but I will not anſwer for its being 
fatisfaGory to every ſcrupulous Mind. hut that this 
is a Fact in every different Length of Strings, where the 
ſhorter is an aliquot Part of the larger, is certainly true, 
and it will be worth while to give one Experiment more 
to confirm it : Therefore, I have here provided two 
other Strings, A and D; the Length of A is 4 Feet, 
and that of D but one Foot; they are placed at the 
Diſtance of g of an Inch diſtant from each other, and 
both begin at the ſame Line: When they are properly 
tuned, or the String D a double Octave, or 16 Notes 
above A, then, when it is ſtruck, the Pulſes of Air 
which it produces can be only one Foot in Length; theſe 
Pulſes therefore will affect the String A in 4 equal Parts 
at once, and conſequently divide the String in three 
equal Points between the two Extremes, which Points, 
together with the two extreme Points, or Ends, are all 
to be conſidered at Reſt, while the four intermediate Parts, 


or Quarters of the String, do ſeverally vibrate at the ſame 


Time.———And in order to prove that this is really the 
Caſe, nine of thoſe ſmall Pieces of Paper will be neceſſary, 
to be placed at every 6 Inches along the String A; for 
then, when the String D is ſtruck with a Quill, every 
other Paper ovght to be thrown off, and the reſt remain 
on the String :——— And this, you ſee, will be done by 
fixing/"your- Eye attentively on the String A, while 1 
ſtrike the String D. "ib 7 
Eupbrof,, How wonderful is the Sight |! ———— The 


Papers alternately fly off and remain at Reſt:. Thoſe 


which go off, do it with ſuch Violence and Sudden» 
neſs; that it can ſcarcely: be perceived by the Eye — 04 


hed 
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while thoſe at Reſt appear not in the leaſt to have been 
ſhocked.— I do not know that 1 ever ſaw an 
Effect in Nature ſo very ſtupendous, and, at the ſame 
Time, capable of being demonſtrated in "fo ſimple a 
anner. 55 e | | 
Cleon. I ſhall entertain you with more of the 
Wonders of Nature in this Way at another Time: 
At preſent, I think I have kept your Mind ſufficiently 
upon the Stretch, and therefore ſhall poſtpone the Con- 
fideration of thoſe called Wind- inſtruments to the next 
Opportunity. RN 
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DIALOGUE IX. 


The Rationale of different Kinds of Mus f A. 
INSTRUMENTS, continued, 


oO, Euphroſyne, 1 853 
VO have given me a large and particular Account 


thoſe whoſe delightful Effects are produced by the Vibra- 
tions of Strings; and you promiſed me; at the Concluſion 
of our laſt Conference, that the Subject of our next 


muſical Speculation was to be the PHILosorHY Of 
I/ind-inſiruments: Of this Sort, I muſt confeſs, I have 


but a very flender Notion, and here, if you do not take 
Care, you will ſoon get out of my Latitude. | 
\Cleon: I ſhall trouble you with nothing very myſterious 
on this Head; for all Kind of Wind-inſtruments, from 
the Jews Harp to the ORG Ax, depend upon one ſimple 
Principle, viz. the vibrating Motion of condenſed Air: 
for as all ſtringed Inſtruments produce their Effects by 
exciting Vibrations in the Air by the Vibrations of their 
Strings, ſo all Kind of hollow Pipes may have their con- 
tained Air impreſſed, and condenſed by the different Force 
of the Breath, or Blaſt from the Mouth, or by other 
Means, and thereby the Action of that condenſed Air 
variouſly modified, and which, communicated to the ex- 
ternal Air, will be the Cauſe of as great a * 
FRY | = ibra- 
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Vibrations therein, and conſequently of muſical Sounds 
or Notes, which, as I have ſhewn you, conſiſt in no- 
thing more than the Pulſes: of Air e hea modified and 
modulated for that Purpoſe. 

Euphroſ. Then I ſuppoſe, by what you ſay, Cleenicus, 
sf a Perſon applies a common Trumpet to his Mouth, 
and puts the Air in Motion by the Force of his Breath, 
the Vibrations of that condenſed Air will make a loud 
Sound; Then a Perſon blowing through a Trum 
pet of the bing Dimenſion.: with ſuch. a Force of Breath 
as will condenſe the Air to twice the Degree, will cauſe 
the Vibrations to be twice as quick, and, conſequently, 
to produce in the external Air a Sound, whoſe Note 
or 'Tone ſhall be twice as high, or more acute than the 
other: And therefore the Tones, or Notes of thoſe 
two Trumpets will be an Oave diſtant from each other: 
Am I not right ſo far, Cleonicus ? | 
Cle. You, certainly are, my Euphraſyne "And if 
the ſecond Perſon was to agitate the Air with a leſs Force 
of Breath, ſo that its Vibrations ſhould be in Proportion 
to thoſe of the other Trumpet, as 3 to 2, then would 
the Notes of the two Trumpets: be that Concord called 
the Fifth. If the Breath be farther weakened, ſo as] to 
Lauſe but 4 Vibrations in this Trumpet to 3 of the Firſt, 


che latter will be a Fourth above the former, and. ſo on 


ſor à Third, Secand, &c. whence it appears, that two 
Trumpets being ſounded together, are capable of pro- 
ducing all the Variety of muſical Aae in common 
- with ſtringed Inſtruments. ch 
Euphreſ. So far I underſtand you 5 clearly, 296, 
at the ſame Lime, L ſee in general; the, Reaſon, wh. 
Tnaunrzr, french. Horn, Sc. is of itſelf a mu al 
aſtrument; becauſe, by variouſly- agitating the Air 
Wich different Forces of the Breath, any Variety, of 
muſical Notes may be produced hy Succeſſion, and, 
conſequently, any Piece of Muſic may be performed in 
4 ſingle Part by thoſe Inſtruments, and two of them 
together in Concert; and becauſe of the Greatneſs of 
cheir Sound, or Loftineſs of their Notes, this Sort of 


Wind-muſic is generally appropriated to all joyful; and 


- eriymphal Occaſions, and are particularly pleaſing in 


ade Gloom of a ſerene Night, and have their Effects 
- greatly 
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greatly heightened by their Reverberation from an ex- 
tended Surface of Water. In this Trumpet-muſic, the 
Air ſeems not to be confined or agitated in the ſame Man- 


ner as in thoſe Pipes or 'Vubes we call FLUTEs : Pray, 
How am I to underſtand the Effect of this Sort of Wind- 
inſtruments? | | 1 | 


*Cleen. The Air in the Body of any Pipe or Flute, 


will, by other Air forced in upon it, be put into Motion, 
and being thereby more or leſs condenſed, will have 


ſuch Vibrations excited as are proportionably quicker or 
flower; and theſe, by Means of the Holes producing 


ſimilar Vibrations in the external Air, will cauſe all 


that Variety of muſical Sounds, as before: But the 
Notes of thoſe Sounds will be variable, according to 
the Bulk and Length of the included Column, or 
Cylinder of Air; for the larger the Tube or Pipe, the 

eater will be the Quantity of Air to be put in Motion 


»y the ſame Force of the Breath, and, conſequently, 


the leſs will be its Condenſation, therefore the flower 
its Vibrations, the lower will be the Note or Tone of 
Sound which it emits. But as one Length of String 


5 


- will produce only one Sort of Note, (wich the fame 


Degree of Tenſion) ſo one Body or Quantity of Air 


will be capable only of one Degree of Vibration, and 


therefore of producing only one Note, which, indeed, 
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Olen. As we are now diſcourfing of Wind-muhe 
of the tubular Kind, your Queſtion is very apropos,” and 


1 


2 
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may be higher or lower, as the Force of the Breath may 
be ſtronger or weaker impreſſed. But what I now ſay 
muſt be underſtood to relate to the common Method of 


ſounding thoſe Inſtruments; for, if you pleaſe, you 


may blow with Force enough to eauſe Vibrations twice 
das quick in the fame Body of Air, and conſequently to 
make the Sounds emitted an Octave one above another: 
But you cannot, in this Caſe, produce any Note between 
the Ockaves, which is ſomething of a very odd and ex- 


*% 
$ 4 


traordinary Nature, 


Eupbroſ. Pray, Cleonicus, what is it makes that which 


o 


is called the Piteb-pipe of ſuch general Uſe in tuning 
mufical Inſtruments? e e e ener 


the Rationale of the Pitch-pipe will be very eaſy? to 


conceive from what hath been faid; For as the Vibrations 
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of the Air will be proportioned to its Quantity in 3 
uniform [ube, whether ſquare or round, it matters not; 


therefore as you increaſe or diminiſh the Length of the 


Bore, or Capacity of the Pipe, by the ſolid Part that is 


moveable in it, ſo you may give ſuch Lengths to the 


included Body of Air as ſhall render it productive of 


Vibrations of any given Degree of Velocity, and thereby 
produce any. given. Note of an Octave. 


 Enphroſ. If I underſtand you right, when the Ale 
of the Pipe has its full Length, it will produce the loweſt 


or Baſe Note; but when the ſolid Part is placed ſo far 
in the Pipe as to diminiſh. the Length of the Body of 
included Air, by one Half, and the Note be ſounded, 
it will be now an Odtave above the former, or twice as 
high: Is it not ſo, Cleonicus & | 3 

Cleon. It is, my Euphreſyne, juſt as you have expreſſed 


it — And farthermore, if the Stopple be moved 


ſtill farther up the Pipe, ſo as to leave the Column of 
Air but + of its firſt Length, its Vibrations will be then 
twice as quick as in the laſt Caſe, and therefore will 
produce a Note twice as high, and conſequently. will be 
a double Octave above the Bale Note ;>——T herefore- 


it is, that this folid Part or Stopple may be conſidered 


as a Monochord in its whole Length, and may be fo 
divided into a Hundred equal Parts, in the ſame Manner. 
as I obſerved to you of the Baſe or Key-note when it 


was a String :————Þut here the Beginning of the 
Diviſion is from the End that enters the Pipe; therefore 
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very great Extent of Notes in this Pipe, . 


ef 


23 5 — 2 2 poet Ae, AMA md 4a dot wo 4.23 


"> iis i. iy oi. e&' 6h A pd Bb bits etl #4 a 5 


0 
0 
r 
1 


AND LADY's 'PHILOSOPHY. 307 


EFuphrot Then, I preſume, the Reaſon why it is 
called a Pitch-pipe is becauſe, by this Means, he that 
tunes the Harpſichord, or other Inftrument, may be 
thereby able to pitch the Note, or Tune, to the proper 
Height above, or Diſtance from the Baſe Note; ſo that 
any of the feven Notes in the Octave may be'aſcertained 
by this Pipe; And thus all the Octaves, and conſe- 
quently the whole Inſtrumeént, muy be put into Tune, 
at any Time, by this mechafſical Method. ſuppoſv, 
the Rationale of all Windeinſtruments is nearly the 
ſame; as you have given me to underſtandz that Notes 
or Sound of this Kind depend upon, and reſult from the 
different Agitations and Vibrations ef the inckuded Air 
in the Pipes. * . Og C3190 1581108 yi11165: 199 
Cen. What you obſerve is in general very juſt: 
But there is, at the ſame Pime, great Art ind Contri- 
vance required in the Inſtrument maker, with. reſpect 
to the internal Structure and Bore of the Fubez or 
Pipe; and alſo the Form and Size of the Holes; or Ven- 
tages, by which thoſe” Sounds are modulated by the 


Fingers in Fiutes, Hautboys, Se. — gut the Capital, 


or moſt noble and magnificent of all the Inſtruments for 
Wind-muſic is the Ox Ax, ſs called by Way of 
Pre- eminence; becauſe the Word Organ ſignifies, in the 
original Greet, nothing more than an Inlrument.— Fhe 
Principal of Organ- muſic is in itſelf” very ſimple and 


eaſy, as IJ have already ſhewn ; nor is its Structure ſo 


very difficult, or complicated, as might be imagined 
from its pompous Appearance, ' ee. 
Eußphroſ. Fhe Afſpect and Effect of the Organ are 


both in a ſuperlati ve Degree : I am always ra viſhed with 
its majeſtic Form, as well as with its divine and celeſtial 


Sounds. I think it is with the greateſt Propriety*eon- 
ſecrated to the Worſhip of the Deity; as it muſt be 
allowed greatly to aſſiſt all that Part of our Devotion 
which relates to ſacred Mufic and Harmony, ſuch as 
ſinging Anthems, Pſalms of Praiſe, Cc. and ſomething 


of this Kind we find has always been in Uſe in Royal 
Chapels, and other chief Places of Worſhip But 
methinks, I ſhould be glad to know ſomething of the 


internal Structure of this Inſtrument, as I have never 
= had an Opportunity of gratifying my Curioſity by an 
Inſpection thereof. 
Clean. 
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: Cleon. It will not be a great hits before I ſhall wke 
* with me to the Organ- builder“ Room, here you 
will ſee and examine every Part which enters into its 
Structure; and, indeed, thete is no Way for a Perſon 
to have a juſt Idea of the Structure of this Inſtrument, 
or any other Piece of Machinery, than by a real View 
of the ſeveral Parts that compoſe - it, and the Manner in 
which they are put together by the Artificer: But, for 


che preſent, I ſhall give you a general Account of the 


ſeveral Parts of which it conſiſts: Under the Range 
of Pipes is a long Trunk, or hollow, Box of Wood, 
made perfectly Air- tight, with which the Pipes com: 
munieate, and which, at the Time the Organ is playing, 
is conſtantly filled with condenſed Air by Means of 
Bellows appropriated to that Uſe, Externally, you 


obſerve a Set of Keys like thoſe of a Harpſichord, each 


of which is adapted to its peculiar, Pipe in the Organ: 
—EAheſe Keys, when put in Motion by the Organiſt, 


lift up nile Springs, by which the condenſed Air ruſhes 


out of the Magazine into the Pipes of the Organ. 
The nether End of the Pipe is formed ſomething like 
the Mouth piece of a Flute, by which ſuch! a particular 


Portion of Air is admitted as is ſufficient to put the 


internal Air into thoſe Fremours, and Vibrations, as 
are neceſſary to ſound the intended Note, the other Part 
of the Air running Waſte on the Out-ſide of the Tube: 


And thus the ſeveral Pipes of the Organ, like 
the- Strings of a Harpſichord, have their muſical Effects 

roduced, by one and the ſame Contrivance of a Set 
of Keys, Which is 4 very lucky Circumſtance, becauſe 


the ſame Perſon can, by this Means, play either Inſtru- 


is effected: 


I ment. 


C 


em a tolerable Idea of the Nature of this. Iaſtrument, 


and the Manner in which this ſuperior Kind of Muſic 
But let me aſk you one Queſtion 
more, does not the Matter and Form of the Pubes 


contribute to meliorate the Notes, or Sounds, as well 


9 


as the Sound-boards with which e Inſtruments are 


3 conſtructed? ? 


lein. There is no doubt of it, my 1 the 


"ware: elaſtic: the Tube is, the ſtronger and finer, and 


+ ore 


2 
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more. ſonorous and vivid will be the. Sound, if I may ſo 
expreſs myſelf: Of this you would ſoon. be ſenſible, 
were the Air agitated, in the ſame Manner by equal Pipes 
of Copper or Lead. The Strings of a Harp chord would 
make but indifferent Muſic without the Sound- board, 
and elaſtic Air below, contributing, by their Elaſticity, 
.to, heighten and perfec its various Notes. In the 
Structure, therefore, of all Kinds of muſical Inſtruments, 
we are not only to conſider the eſſential Principle of each 
peculiar Species of Muſic, but, alſo, we muſt have a 
great regard to all concomitant'/Circumſtances. and Inci- 
dents which contribute to improye the ſame; for it is 
in Mosic as in Paix xixc, unleſs, the Expreſſions ot 
Nature are enlivened and embelliſhed by the Graces 
borrowed from Art, the Performance will ever prove 
flat, cold, and unaffecting.— Thus I have, in 
general Way, ſketched out to you - a. comprehenfive 
Plan of the Philoſophy of , muſical Sounds, by which 
you will be enabled to read, with Improvement, the 
Works of thoſe, who haye wiote largely on this Subject, 
and therefore ſhall concJude with a few, Reflections not 
improper. on this, Occaſion: - The firſt is, a Cu- 
rioſity relative to muſical. Proportion, worth your Notices 
by which there ſeems to be ſome, Connection between 
the Sciences of Music and Orrics, Nou remember all 
that I have ſaid to yau concerning the Reflection of Light 
from Speculums, and the Formation of „ 
from a given Diſtance and Situation of the reſpective 
Objects. ble 4154 16043 2: doi, e £ ads men 
- Eupbroſ, What I can recellecl of that Kind js princi- 
pally this; that the ſolar Focus of a. Speculum is at the 
Diliance 8 Lane the Diameter of the Sphere, of 
which it is a Segment; and, farther, that when an 
Object is at any near, or definite Diſtance, the focal 
Diſtance, or Place of the Image, will exceed the Di- 
ſtance of the ſolar Focus, and ſo much the more as the 
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Object is nearer. to the Mirrou rt. 
leon. Very well, my Euphroſyne: Then what 1 have 
now to advance, is this; that if a Right-line be; con- 
ceived to be drawn, and a Mirrour be placed on any 
one Part of that Line, and an Object at a Diſtance in 
another Part of that. Line, then the Place of the OI 
e an 
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und ef its Center, and the Place of the Objidt and its Image, 
ware four Points, which will ever divide that Line into 
Muvicar PROoPORTION : from whence we have this 
harmonical Analogy, as the Diſlance ef the Obji from 
aht nter of the Mirrour is to it Diſſaute from the Vertex 
ende fo is thi Diſtante of the Image from the ſaid Center 
6 in Diſtunte from the” Vertex: Or, in other Words, the 
Nuno of the Diſtances of the Object and its Image, from 
ame. 5 5 

- > Buphreſ: - This, no debt, is a very curious Propoſi- 
tion, both in Mufic and Optics; but 1 fhould have a much 
.clearer-Idea' of it, if yo could contrive to illuſtrate it by 
le dr Experiment, e * 
leon. That netping may be wanting to your eaſy 
Conception of the Nature of ſo ſingular a Phænomenon, 
1 Wall illuſtrate it both by an Example and Experiment. 
Por this Purpoſe I Have provided à Speculum, which 
is the Segment of à Sphere juſt 10 Inches in Diameter, 
*%hoſe' Center is therefore àt the Diſtance" of 5 Inches 
from the Vertex. Now, if 1 draw a Line juſt 10 
Inches leng, and place the Mirrour at one End of that 
Line, and any Object at the other End, then will the 
Center of the Mirrour fall on the middle Point of the 
ſaid Line: therefore, if this Line be conſidered as a 
Mnochord, it is evident, the Center of the Speculum 
Falls upon that Point Which is called the OZave, and 
the ſolar Focus is upon the Point at 2 1 Inches diſtant 
from the Vertex, which is that Note called the Fourth. 
Then the Object being placed at the End of the Mono- 
chord, its Diſtance from the Center to its Diſtance 


ide Center and Vertex of the Speculum, will ever be the 
f y 7416 5 ; : 9 *4 > „ 9.261428 ; 4 | a 


From the Vertex of the Mirrour will be in Proportiou 


=s I to 2: Conſequently, the Octave, or Diſtance from 
5 to 10, muſt be divided by the Image iti the fame Ratio, 
and therefore it will fall on the Point which is 6 1 In- 
ches from the Beginning of the Monochord, and there- 
fore will be formed on that diſtinguiſhed Concord called 
the Fi/th So that, in this Exaniple; the Place of the Ob- 
& and its Image, the Place of the Speculum, its Center 

{ ſolar Focus, divide the Monochold in all the capital 


Points of harmonical Proportion. 
. 8" | Wn Si. % - 45 . 7 


Fans. 
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| Pupbreſ. But ſtill, Cleonicus, though I do not diſpute 
the Truth of all you ſay, it will be neceſſary to evince the 
fame to me by an Experiment. 


Cleon. That is the next Thing I propoſe, and 


which will not prove tedious or difficult in the leaſt 
Degree; for having placed the Mirrour in its Frame, 
with the Center of the Pedeſtal at the End of the Di- 
viſions of the Line, or Monochord, I place a ſmall 
lighted Wax-candle exactly on the Beginning of the 
ſaid Line: — Then you ſee, by ſtanding on this Spot, the 
Image of the Candle inverted, and the Point of its Flame 
exactly directed to the % Note, or Diviſion of the Mo- 
nochord. | | 

Euphroſ. This, I obſerve, is really Fact, and fully ſa - 
tisfies me of the Truth of this moſt extraordinary Inſtance 
of Harmony in Optics.—Pray, is there any Caſe of a like 
Nature in any other Sciences ? 

Cleon. None, that I know of. You may have heard 
talk of the Muſic and Harmony of the Spheres, or Or- 


bits and Motions of the age Ser: 3 but there is no 


real muſical Proportion in the Diſtances of their Orbits 
from the Sun, or their periodical Revolutions about it. 
I have likewiſe, heretofore obſerved to you, that 
in the Refraction of Light by a Priſm, the Spaces occu- 
pied by the different Colours in the variegated ſolar Image 
were nearly the ſame as the Parts, or Intervals between 
the muſical Notes of an Octave: But this is a Matter, for 
aught we know, merely caſual, as there is no geometri- 
cal or phyſical Demonſtration of a muſical Ratio in re- 
fracted Light in that Reſpedt. —— . 

Euphroſ” This is a curious Diſcovery indeed: But 
what have you farther to obſerve, with regard to the Na- 
ture and Effects of Muſic? 

Cleon. It may be very proper here to animadrert 
upon one Thing, viz. that when we know of any ex- 


traordinary Power, or Agent in Nature, we are generally 


apt to over rate it, or to aſcribe more to its Viitue and 
Efficacy than was ever naturally due to it. To this 
injudicious Diſpoſition in Mankind, we owe moſt of 
thoſe ridiculous and extravagant Notions of Aſtrologers, 
or Autuſpices, Soothſayers, and Conjuters of every 
Kind, which have formerly ſo much infatuated the Minds 
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of weak and wicked People, to the great Diſhonour of 


an all-wiſe Governor of the World, and the Shame and 
- Diſgrace of human Nature. — This ſeems to have 
been the Fate even of Muſic itſelf; Its Powers are well 
known to affect the human Fabric, which is chiefly a 
Compagee, or Syſtem of nervous Fibres and muſcular 
Filaments, and thereby ſubject to all the Motions and 
Vibrations of Air; and, conſequently, by thoſe occa- 
ſioned by muſical Sounds in a very high Degree: and as 
the Paſſions of the Mind are affected, and variouſly 
excited by the Impulſes of the nervous Syſtem, it is no 
Wonder that we oftentimes ſee the Power of Muſic af- 
fecting the Paſſions of Men, in reſpect to Joy, Mirth, 
Devotion, Ec. in a very extraordinary Manner: Nor are 
we to wonder, if we find a Set of People ready to extend 
the Power of Muſic beyond the Force of Nature, and 


-aſcribing to it many Effects which it was never capable 


of producing. | 
Eupbroſ. I ſuppoſe, by this Parody on the Weaknefs 
and Superſtition of Mankind in regard to the Power of 
Muſic, you have ſome Object in View, like the famous 
Story of the BiTE of the Tarantula, which is faid to be 
curable by Muſic alone. | 
Chon. That is the very Thing I hinted at :z=———I1t 
is amazing, to conſider how ſuch a Story gained fo 
long and conſtant” Credit with the moſt ſenſible Part of 
Mankind. 
write from hear-fay ;. but BaGLiv1, the famous Philoſo- 
pher in Italy, who could not but have good Opportunities 
of informing himſelf with reſpect to this Inſect (which 
is a Native of Apulia) has written a Treatiſe expreſsly on 
this Subject. — But notwithſtanding theſe, and 
many other great Authorities, in favour of this Story, 
it is now deſervedly looked upon as a mere Fiction, 
founded in Tradition and vulgar Error only 5 
ſuch, it has been treated by an Italian Phyſician of 
Eminence, in the Phiieſaphical Tranſactions, and a great 
many Gentlemen of unqueſtionable Veracity, who 
reſided at Taranto in Naples many Months, and during 
the Time in which the Bite of the Tarantula is ſaid 
to be moſt pernicious, affirm, that there was not 2 


Phyſician in the Country who believed there was _ 
| . ſu 


— Dr. Map, very probably, might 
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fuch a Diſtemper, from ſuch a Cauſe, and that Nobody 


ever remembers a ſingle Inſtance of ſucha Thing; and, 
laſtly, that there is na Spider to be found in that Country 
different from thoſe which are common in moſt warm 


_ Climates. 


Euphroſ. If this be the Caſe, how ſtrangely have 


your great Philoſophers, Phyſicians, and Divines been 


impoſed upon, by ſo trifling a Thing as the fabulous 
Story of the Tarantula. Does it not argue them 
to have been equally indolent and credulous ? Was 


* 


It not in their Power, 100 Years ago, to have detected 


this Impoſture ? Should not this prove a Leſſon of 
Inſtruction to the Virtue; of the next Generation, to 


be more circumſpect in their Enquiries into the Powers 
of Nature, and not to be credulouſly aſſenting to every 


vulgar Report, to the no ſmall Diſgrace of their high 
Reputation ? —Laſtly, I think you have ſaid enough 
for a Memento to the great Gentlemen of your own Sex, 
who are apt to value themſelves ſo much on their ſuperior 


" Wiſdom and Abilities, to be very moderate, for the 


Future, in their Reflections on the Weakneſs and Cre- 
dulity of our's, ſince learned Men, as well as: filly 
Women, it ſeems, can, for Centuries together, believe 
and acquieſce in ſuch an old Woman's Story. —You 
forgive me, Cleonicus, theſe general Reflections, as you 
cannot but know they are highly due from our Sex, for 


the many genteel Strictures we daily receive from the 


Literati of yout's. | 
Cleon. I think, my Euphroſyne, all that you have ſaid: 
is but too juſt a Retaliation, and you are certainly very 


right in ſo equitabte a Vindication of the Honour and 


Character of the Ladies in general :——But, at preſent, 
we ſhall put an End to this Converſation, and, in our 
next, proceed to conſider of thoſe Organs with which 
Nature has furniſhed all Animals, and, in Particular, 
the human Species, both for forming and uttering of 


Sounds, as well as for perceiving and hearing the ſame. 
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DIALOGUE X. 


On the Oxcans furniſhed by NaTuRE, for forming 
and variouſly modifying Animal Notes, and Voice, 
ar SPEECH in the human Species. | 


| | _ Euphraſyne. 

Am not very clear in the Subject of our preſent Con- 

verſation, Cleonicus: I remember you told me, when 
we laſt parted, that you ſhould next diſcourſe with me 
upon the natural Organs of Voice, or Speech, and, in 


: proud how all animal Notes, or Sounds, are thereby 


ormed and modulated. How am I to have a clear and 
diſtinct Idea of this natural Organization for forming and 
emitting animal Sounds ? 

Cleon. In this Affair, my Euphroſyne, I apprehend 
you will meet with very little Difficulty, fince all the 
Parts of the general Organ for forming animal Sounds 
are ſuch as you are well acquainted with, by daily Ob- 
ſervation and Inſpection. —Indeed, the Parts of 
this Organ are not ſolely appropriated to this Uſe; 
but, like many other Parts of the animal Syſtem, they 


are wiſely deſigned, by the Author of Nature, to anſwer 


many Purpoſes, and to perform different Functions in 
the animal Oeconomy. ———The parts of the vocal 
Organ are as follow, (1.) The Luxgs. (2.) The Trachea, 
or Wind-pipe. (3.) Ihe Larynx, which is the Upper- 
part of the Wind-pipe. (4.) The Epigloitis, which lies 


over the Aperture, or Mouth of the Larynx. (5.) The 
Dona, which hangs from the Palate at the End of the 


Paſſage of the Noſe. (6.) The Tongue. (7.) The Teeth. 
(8.) The Lips. Thele are all the principal Parts con- 


' cerned in the Formation of animal Sounds. 


Euphro/ſ. | heſe ſeem to me to be hard anatomical 
Names, many of them; but, I ſuppoſe, the Things 
themſelves will be eaſier to be underſtood : And, farther, 
as we obſerve in every different Species of Animals a 
peculiar Note, or Tone of Voice, or Sounds, which 


ta 
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to ſuppoſe there is a peculiar Diſpoſition and Configura- 
tion of thoſe Parts, to anſwer ſuch different Modulations 
of Sounds. | | 
Clzon, No doubt is to be made of this; for though 
the Parts may be eſſentially the ſame in all, yet their 
Shape, their Size, and their different Apparatus of 
Muſcles, and many other Circumſtances, may be in- 
finitely varied in the numberleſs Species of Animals, and 
thereby an endleſs Variety of animal Sounds, Notes, or 
Voice is producible, ———lIt is by this Means, that 
i each Species has its peculiar Note. — Thus, the 
a Dog Barts, the Cat Mews, ———the Cock Crows, 
: the Doves Cos, the Sheep Bleats, 
the Cow Lowes, the Lion Noars; —— — but 
Man alone SrEAKs. lt is obſervable, that the 
} - Fiſh alone, though they have many Parts of the aforeſaid 
Organ, are yet entirely mute, or incapable of emitting 
3 any Note. E ; 
x Euphroſi, You will next, Cleonicus, pleaſe to let me 
know the particular Office which each of theſe Parts per- 
form in the Formation of animal Voice, -or Sound. 
f Cleon. The LuNncs, which I have mentioned as the 
firſt and principal Part, are, in this Reſpect to the 
Animal, as the Bellows and Air box is to an Organ; 


— 


1 


f that is to ſay, by them the Air is inſpired, or drawn 
5 into the Lungs in a ſufficient Quantity by their Dilatation, 
al as may ſuffice not only for Reſpiration, or Breathing ; 
6 (which is their general Function) but alſa, by their 
0 Compreſſion, to give a proper Impulſe to the Air requiſite 
3 for the intended Intenſity of the Sound, or, in other 
8 Words, by a greater or leſs Compreſſion of the Lungs 
ke we can expreſs the Air- through the Wind-pipe with 
7 different Degrees of Force, and thereby raiſe, or lower 
* the Voice, as Occaſion requires: In ſhort, the Lungs 

are the general Magazine of Air for all the numerous 
a1 Purpoſes in the animal Oeconomy, of which this 
95 9 the Voice may be juſtly reckoned in the ſecond 

| egree. | 1 | 

1 Euphroſ. Is this important Organ formed alike in all 
MY Animals, Cleonicus? AC I 
10 Cileon. I have obſerved ſome very conſiderable Dif- 
26 ference in the Formation of this Part, in the Accounts 
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which Naturaliſts give us of it; but I ſhall refer you, 
For farther Satisfaction in this Point, to a moſt noble 
and valuable Work, viz. the anatomical Part of the 
Memaies of the Royal Academy of Sciences at Paris, from 
the Year 1666 to 1699, where you will find not only | 
the beſt Iconiſms of all the capital Beaſts, Birds, 2 
Reptiles, Serpents, &c. that has been ever publiſhed, | 
but a particular Account of all their Parts by a Diſſection a 
of each: And if you read it in French, it will at the 1 
ſame Time be an Improvement of your Knowledge in . 
that Language. | | 0 
Euphbroſ. I thank you for your kind Direction and Ad- 2 
vice: I ſhall take the firſt Opportunity of procuring ſuch 4 
2 

e 

* 


uſeful Treatiſes. Pray, what is the next Part condu - 
cive to the Formation of Sounds? ik 
Gleon, The ſecond great Part in the Organ for animal 


Notes, or Sounds, is the Trachea or WIN D-pIPE.— 
T have obſerved to you that, in all, Wind- inſtruments, E 
Pipes of one Form or other are neceſiary hut the Wind- 
pipe is moſt fitly compared to the Pipe of an Organ; 0 
and as it ſerves only for the Conveyance of the Air to tc 
the upper- part, or Larynx, it is of diffetent Sizes, 
peculiarly adapted for expreſſing the different Sounds in- fo 
various Species of Animals. A larger Account of this 1 
Part you will find in Dr. Grew's -Coſmologia Sacra, or al 
Mr. Derbam's Phy/ico Theology, both which Books are th 
bighly worthy of Peruſal: But one Thing I cannot At 
omit mentioning to you, as it is an Argument of the 8 
moſt obvious Deſign and wile Contrivance, viz. that Ti 
as this Part lies immediately in the Fore-part of the th: 
Throat, and bears on its Hindpart upon the Oe/ophagus, O 
or Gullet, by which our Fpod deſcends into the Stomach ; for 
and as it conſiſts of Cartilaginous Annuli, or Rings, Jat! 
theſe, leſt they ſhould bear hard on the Gullet, ate diſ- Bu 
continued or broke off on the hinder Part, where it 1s the 
altogether ſoft and membranous, as you may remember ſup 
oftentimes to have ſeen, in this Part, in a Diſh that fre- De 
guently comes to your Table. | Ad 
Euplroſ. I ſhall take more particular Notice. of this 4 
Part the next Time I ſee it, as it is ſo highly. deſerving "vp 
thereof. Pray, what is the next Part concerned? CT 


Clan. The LARYNX, I mentioned. to you as the 
third Fart of the compleꝝ Mecbaniſm for animal Voice; 
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This Part is no leſs uſeful, than wonderful in 1ts particu- 
lar Structure; it is placed on the upper Part of the Wind - 
pipe in the Throat, it may juſtly be conſidered as the 
moſt muſical Part of the whole Organ, as it is particularly 
adapted to medulate or vary the Sound, or Voice, in 
every reſpect, that any particular Animal is capable of:: 
For this Purpoſe, it conſiſts of no leſs than five very 
curious cartilaginous Parts, all moved and actuated by 
particular Muſcles appropriated to each. In the human 
Species, this Part bas a peculiar Configuration, and is 
one of that infinite Number, in the human Fabric, that 
might juſtly excite the devout Exclamation of the Pſalm- 
ist. In the beforementioned Authors you will find 
a great Variety in the Conſtruction of this Part in differ- 
ent Species of Animals: In ſhort, the Larynx anſwers to 
the Mechaniſm in the lower Part of an Organ- pipe, or 
Mouth- piece in Flutes, for modulating the Ingreſs and 
Egreſs of the Air in Speaking, Singing, Sc. 

Euphroſ. So far Þ have at leaſt a general Idea of the 
organical Parts of Speech. Pray, what is the next which 
follows, contributing to this End? [575 28 

Cleon. The next, or fourth Part, is the EPIoLorrrs, 
ſo called, as being ſomething in the Form of a little 
Tongue lying over the Rimula, or Mouth of the Larynx, 
always raifed a little above it by an elaſtic Muſcle, ſo 
that when the Aliments glide over it into the Oæſaphagus, 
at cloſes the Mouth of the Larynx fo that nothing may 
get down the Wind pipe; but when they are paſt it, it 
Tiſes again by its natural Reſort. This anſwers" to 
that particular moveable Piece in the German Flute, 
Organ-pipes, c. by which the Rimula, or Paſſage 
for the Air, is made greater or leſs for the proper Modu- 
lation of the intended Note, or Tone of the Sound: 
But this Part in the animal Structure as much exceeds” 
the other, as the Voice, or Notes of Animals is an Effect 
ſuperior to the Notes of a common Pipe: The manifeſt 
Deſign and Contrivance of this Part being beyond 
Admifation itſelf. e e | 8 

Eupbroſ. Phe Part which you have now-4eferibed, 1 
apprehend, is concerned in the original Production and 
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Modification of the Voice; * the other Parts . 
follow, I preſume, are to roller the Voice or Speech 
more articulate and diſtin ? 

Cleon. That is their particular Office; for without 
them the Wind-pipe would be no more than a common 
Flute, for barely modulating Notes or Sound; But, by 
the Aſhſtance of the other Parts of this Organ, thoſe 
Notes or Sounds may be ſaid to be properly configurated, 
or formed into all that infinite Variety of Sounds which 
are neceſſary to conſtitute Voice, or Speech: Amongſt 
theſe, the firſt is the Uoula, which I mentioned to you 
as the fifth Part concerned; this hangs from. the Palate, 
in the upper and hinder Part of the Mouth, beſore the 
Paſſage into the Noſe: It has two Uſes, one is to prevent 


any Thing regurgitating into the Noſe in Deglutition, and 


the other is, by its various Muſcles and Motion, to 
contribute to the particular or ſpecial Modification and 
Articulation of Sounds, at its firſt Entrance into the 
Mouth: Since we find this is very often experienced 
when, by a Diſorder in this Part, it is neceſſary to 
extract it; that the Voice without it is very obtuſe and 
indiſtinct, and the Perſon ſpeaks, as we ſay, tbrough the 
Noſe. —— —By looking into any Perſon's Mouth, you 
will readily diſcern this Part pendant from the Palate 
over the | hroat. 


+ Euphroſi Well; but notwithſtanding this, I preſume 
the Tongue is the principal inſtrument for rendering the 


Voice articulate?. 
Cleon. Undoubtedly it is; the ToncGvue is the fixth 


Part which I mentioned in the Structure of this general 
Organ, and is not only the Principal but the moſt abſo- 
lutely neceflary Part, for the general Articulation of 
Sounds, eſpecially for verbal Notes or Speech, which are 
wholly indiſtinct and unintelligible where this Part is un- 
bappily wanting, as you too often find by Experience ; 
there is fo much natural Art in the Uſe of the Tongue in 
this Reſpect, that the Tongue itſelf 18 not capable of ex- 
preſſing ; it is an Inſtance of that divine Energy which 


we can only admire, but never fully underſtand : It is 


the grand Inſtrument of Speech to the human Species, and 


ſerves to modulate the Expreſſions of the Paſſions, by pro- ; 


per Notes of Sound in all others. 
Euphroſ. As you are upon the Subject of the Tongue, 


cue, you will 28 me Leave to aſk, what farther 
Purpoſes 
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Purpoſes it ſerves beſides that of Speech ?' It ſeems to me 


to be the Seat, or the Organ of Taffe. I ſhould be glad 
to have your Sentiments on this Subjet. 5 

Clem, You may command me in any ſuch Reſpects 
as freely as you pleaſe: And, to tell you the plain 
Truth, it is ſo eminently diſtinguiſhed as the Organ of 
TasTE, that it is, for ought I know, its primary 
Function or Faculty; for it is well known to Anatomiſts, 
that there is a Pair of Nerves which proceed from the 
Brain to the Root of the. Pongue, and there diſperſe in 


a wonderful Manner through all its Parts; and termi- 


nating in little capillary Eminences on the upper Side 
of the Tongue, occaſions that ſmall Degree of Aſperity, 
or Roughneſs, which we there perceive; I heſe are 
called the Gz/fatory NRRVES, becauſe being affected by 
the /aporific Particles of the Aliment, or any other Body 
to which the Tongue is applied, they render us imme- 
drately ſenfible of that Quality which is call, their Sapor, 
Reliſh, or TASTE ; and this is the Subſtance of the ge- 
neral DoQttine of this SENSATION, oe 
Euphroſ. It is ſufficient to give me a general Idea of 
Taſte, and that is all I can expect at this Time. * You 


will now proceed to the other Parts of this general Organ 


of Speech. 


lion. The Ter and PALATE ate the next In- 


ſtruments of Speech; you will eafily find how con- 


ſiderable their Office is in this Reſpect, if you only 
attend to the different Notes or Tones of the Sound 


expreſſed with the Teeth, ſhut and open; or by pro- 
nouncing the different Letters of the Alphabet without 


applying the Tongue to the Teeth and Palate ; alſo, it 


is a very common Obſervation, that the Voice of Perfons 
who have loſt any of their Fore-teeth is very different 
from what it was before, and conſiderably leſs articulate. 
It would be endleſs to be particular in ſhewing how far 
the Teeth are concerned in rendering the human Voice 
perfect, though, in regard to other Animals, they are of 
little Importance in this reſpect. 

Euphroſ. I can eaſily experiment the Truth of what 


you have now ſaid, and am fully fatisfied of it from com- 


mon Obſervation. I think you mentioned the Mouth 
as the laſt Part of this Organ of animal Voice ? 
Cleon. The Movr and Lips are the moſt eſſential 


of all the Parts to modulate and articulate the Sounds, 
: | eſpecially 


4 
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eſpecially in our qwn Species; all the Variations of 
Sound, from the loweſt Whiſper to the loudeſt Voci- 
feration, depend on the different Aperture and Configu- 
ration of the Lips. This likewile is evident in the 
Whiſtling and Singing of moſt Kind of Birds, their 
warbling and tuneful Notes being in a great Meaſure for- 
med and modulated; thereby. — And thus, I think, 
I have enumerated. to you all the different and eſſential 
Parts concerned in compoſing this grand Contrivance, 
or Organization for animal Sounds; though there is 
one more moſt eminent Part, in the animal Fabric, that 
cannot be excluded from having ſome Share in the 
Dn at or, at leaſt, in the Perſection of this great 
Faculty, ; 4 wpyts 6 | | | 
Eupbroſ. By your Manner of Expreſſion, Cleonicus 
I gueſs you mean the NoskE; this, we know, is the 
Seat of the Senſatian of SMELLING, and I am fully 
ſatisfied, at the ſame Lime, that a free Paſſage through 
the Noſtrils does greatly contribute to a diſtinct Expreſſion 
of the Voice, as we eaſily find by holding the Noſe, when 
JJ 8 FN 
(leon. Your, Obſervation. is very juſt; the Noſtrils 
undoubtedly, contribute. to a free and clear Expreſſion 
and Formation of animal Sounds, or Voice; but 1 
did not chuſe io mention this before as one of the Parts 
of the Organ of Speech, as it is in itſelf a capital Organ 
of Senſation; I mean, chat of SMELLING, as you juſt 
now obſerved; for the Anatomiſts ſhew us a Pair of 
Nerves Which, in a moſt obvious and curious Manner, 
are detached from the Brain to the Origin of the Noſe, 
and there, in a wonderful Divarication, are ſpread over 
all the ' Surface of the Noſtrils, whoſe fine capillary 
Extremities, being affected by thoſe. particular Particles 
in Bodies in which their Opouks conſiſt, prove the 
Means of exciting in our Minds the Notions, or Ideas 
of that odorific SENSATION, or Faculty, we call the 
SMeLI. I hall, one Day or other, take an Opportunity 
of diſſecting the Bill of a idallarg, or Drake, where you 
will be apprized of the moſt exquiſite Scene of Wiſdom 
and Deſign in the Structure of this Organ in that and 
other ſuch Species of Animals, who are obliged to ſmell 
out their Food, or proper Aliment, hen it lies concealed 


dem dhe Sight. 1 think, ſor my own Part, the carjous 
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Diſpoſition of the olfafory Nerves, and their amazing 


| Ramiſication through all the broad Part of the Beak of 


this Bird, is one of the moſt delightful and aſtoniſhing 
Sights I ever beheld. I make no Doubt but the 
Caſe would appear the ſame, or, perhaps, much more 
exquiſite in the nervous Structure of this Organ in the 


Noſe of Dogs, whoſe Powers of Senfation in this Kind 


are well known by Inſtances which exceed all human 


Conception and Deſcription, and. I take it, that except- 
ing the Sight alone, the Organ of Smelling is che molt ex- 
. in the e ra | 


2 i TOBE: * * Ld * * * ? 9 p WIT "RES ar fl” * + * 
* 


DIALOGUE 5 


Of. the. Fier . or SENSATION: of. FAG 
With a DesctierION of the particular Parts 
concerned i in the Organization of 105 . 


' | Puphroyne: * 
8 you ene obliged me with a penefal Ketdunt of 
the philoſophical N e of Sounds, both ani- 
mate and inanimate, which has not a little contributed 


to the Expanſion of my Mind, and Improvement of 


my Underſtanding; fet J remember - vou told me, I 
ſhould never be perfe& in this Part of the Science, till 
the very Organ itſelf, by which thoſe Sounds are rendered 
perceptible to us, be fully confidered and underſtood; 


which, I apprehend, will be very difficult for any one 
10 comprehend without having the ſeveral Parts of this 


Organ expoſed to View, by an actual Diſſection of the 
Ear: This, when we paited laſt, you was ſo kind as 
40 tell me you would provide for the Sie of my next 
Entertainment. 

leon. This I have accordingly done; having obmthed 
the Favour of a Preparation of all the Parts of the human 
Ea, curiouſly preſerved, from an ingenious Acquaint- 


ance, whoſe Character, as a Surgeon and Anatomiſt, is 


not the leaſt eminent in bis Profeſſion. —You Tee them 
Here nicely diſpoſed, upon 17 15 the 2 25 S 


* ö 
ments in this Box, baue 
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Eupbreſ. It is, no doubt, a fine Curioſity, of this 
Kind; but, by a general View of the ſeveral Parts thus 
diſlocated and detached from each other, I cannot form 
any conſiſtent Idea of the Form and Structure of this 
Organ, as it naturally exiſts in the Head. | 
| .,,Clzon. But that you will more readily do by another 
anatomical Preparation of the Ear, in which all the Parts 
* have their natural Poſition, and, by a particular Contri- 
vance, are eaſily exhibited to the View: — See, in 
this other Box, the Ok G AN of the EAR entire. 
Euphroſ. This is, indeed, a moſt extraordinary and 
noble Sight ; but even in this Caſe I ſee a miſcellaneous 
- Syſtem of I know not what, till you ſhall pleaſe to de- 
ſcribe the ſeveral Parts of this complex Organ, and give 
me a particular Account of the Uſes of each, in produc- 
ing this wonderful Senſation. 1 
Clem, That is more immediately the Buſineſs and 
Purpoſe of our Meeting at this Time. I well know 
how difficult it is for any Perſon to have an Idea of the 
Nature and Manner of this perceptive Faculty, without 
an actual View of the Organ itſelf, and its ſeveral Parts 
diſtinctly. The other Organs of Senſation, as you 
bave. ſeen; are not ſo difficult of Acceſs or Compre- 
henfion, and therefore I have been the more ſolicitous to 
make this of HEARING. in particular, equally underſtood 
by you. 5 
in IJ am vaſtly obliged to you, for your Care 
and Solicitude to inform and enrich my Mind with every 
valuable Acquiſition of Knowledge ;———You will 
pleaſe then to begin, and proceed in your Deſcription of 
the ſeveral Parts of this curious Organ, | hacks 
Cleon. I will:— But I muſt firſt of all obſerve 
to you, that the Parts which you here ſee in Boxes are 
the internal Parts of the Ear only; but we muſt begin 
our Deſcription with the external, and intermediate 
Parts, to render the whole complete. Therefore, 
Firſt, the external Part, which we vulgarly call the 
Ear, is of a curious Form for the better Collection of 
Sounds, and is placed on each Side of the Head of Animals, 
(like two natural Hearing-trumpets,) to collect the Sound 
which comes from every Part; and the Duplicature of this 
Organ is a benign Proviſion for any Ace dent by which 
we may be deprived of one, as we have remarked before 
in the Caſe of Viſion. | 
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Secondly, the Meatus Auditorius, or Paſſage to the 
internal Ear, receives the Sound from the external Part, 
where it is augmented as in the Tube of a Trumpet, and, 
as it were, condenſed upon. 


Thirdly, the Membrana Tympani; or Drum of the 


Far, which is this curious membraneous Part which you 
ſee here extended quite acroſs the Ear, and being almoſt 
of a circular Form, repreſents the Parchment Membrane, 
or Head of a Drum: In the Siaus, where this Membrane 
is placed, there are ſome Parts in the Nature of little 
Springs, (as you may obſerve in this Prepartion,) by 
which this Membrane it tended, or relaxed, in order 
that the Vibrations of the internal Air may be thereby 
rendered more or Jeſs intenſe, as the Occaſions of this 
Senſation may require; for, if the external Sound be 
too great, this Membrane may be relaxed to moderate it; 
or, if too low, it may be ſtrained. higher to avgment 
or heighten it; all which is analogous to the Mechaniſm 
I have formerly obſerved to you in the Pupil of the Eye, 
with regard to too intenſe or too weak a Light. 

| Euphroſ. A moſt wiſe and very wonderful Contrivance, 
indeed ?—Thoſe little Parts which appear like Bones on 
the Inſide of that Membrane, I preſume are the little 
Springs that you ſpeak of. | 

Clean. They are: The firſt of theſe conſiſts of two 
little Bones, called the Malleus and Frcus, or the Hammer 
and Anvil: Theſe contribute to extend and. relax the 
Membrane principally.——The ſecond Spring confiſts 
of the ſame Jncus, and another little Bone called the 
Stapes or Stirrup, joined together by a third little Bone 
called the Os Orbiculare, and the Bafis or Foot of the 
Stircup is the Paſſage, or makes the Entry into the ſecond 
Sinus or Cavity of the Ear. N 

Euphroſ. Pray, is this Membrane fo perfectly ex- 
tended over the Paſſage of the Ear as entirely to cut 
off all Communication between the internal and external 
Air? 0 
Cleon. It is but very lately that it has been diſcovered 
to have a ſmall Perforation on one Side, which opens 
into a Canal called Euffachius's Tube, from the Author's 
Name who firſt obſerved it: This Tube opens. itſelf 
toward that Part of the Mouth which communicates 
with the Noſe ; and hence it is that ſome People, by 
| | ſhutting 
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ſhutting their Mouth and holding their Noſe, cart 
: force the Smoke of Tobacco in a viſible Manner througtr 
their Ears, through this ſmall Chink firſt detected by 
Rivinus. | 
Euphroſ. By ſuch an odd Kind of Experiment a 
Communication between the internal and external Ear 
is put beyond all Diſpute :—— But, pray, Cleonicus, 
is not ſuch a Hole necefiary in the Nature of an Organ 
of Sound? Becauſe I have always obſerved it in all 
Inſtruments, as the Z2zl:an Harp, Violin, &c. where a 
Body of Air is contained under a Sound- board beneath 
the Strings. 3. Er | 
Cleon. There is no Doubt but that every Part in 
the Ear is perfectly adapted to a jutt Modulation of har- 
monious Sounds, and to meliorate their Tones; and 
that this Perfotation in particular may not a little con- 
tribute thereto, as you well ebſerved, we find it does in 
molt Wind-inſtruments. : 
Eupbroſ. Pray, what are thoſe Parts which I obſerve 
| within the Ear, in the curious Form of a Snail-ſhell ? 
= Clean. The Paſſage or Part juſt behind the Drum of the 
| Ear is called the Veſtibulum, being, as it were, the Anti- 
. chamber or Entrance to two other Cavities or Apartments 
in the Ear : The firſt of theſe Cavities is called the Laby- 
rinth, conſiſting of theſe Semi-circular Canals; and the 
ſecond is called Cochlea, from its Reſemblance of a Snail- 
hell, as you may ſee by their Appearance in theſe Prepa- 
- Xations. j » 
Eupbroſ. They ſeem to-be very curious Parts, indeed; 
and what you call the Labyrinth appears to me to have 
fomething of the Mechaniſm of a Winding- horn, or 
Hearing trump t. | 
Cleon. Not only the Form, but its Uſe is undoubtedly 
of the ſame kind,.v:/z. to' increaſe the Agitations of the 
internal Air, or to make them more ſenſibly affect the 
| Fibres of the auditory Nerve, to which a Veſtibulum, or 
Paſſage with which they all communicate, may not a 
little contribute; as alſo, thoſe little Membranes which 
ou here ſee extended in the Entrance into each of them. 
This Labyrinth of Winding-tubes is ſuppoſed to be the 
general Organ of Hearing :>—But that which is deſtined 
or the more delicate and refined Uſes of Hearing, ſuch-as 


the forming and modulating mulical or harmonical Sounds, 
| | ſeems 
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feems to be this other ſecond Cavity of the Cochlea, in 
whoſe curious and moſt perfe&* Mechaniſm you obſerve 
two ſpiral Windings or Canals, ſeparated from one an- 
other by a thin nervous Membrane, ſupported through its 
Length by the Projection of bony Laminæ, as you may 
ſee in this Cochlea by a proper Section through it. 
Euphroſ. J obſerve it with a great deal of Pleaſure ; 
and, as this Winding-paſſage grows narrower towards the 
Summit, I apprehend the Fibres of the auditory Nerve, 
diſplayed through the ſame, may be ſuppoſed to have 
ſome Reſemblance to the. Syſtem of Strings in a Harpſi- 
chord, and that in this Part we may expect to find the 
true Seat or Cauſe of Concords and Diſcords, or of the 
Harmony and Diſſonance of Sounds. 4: 

Clean. Your Conjectures perfectly coincide with thoſe 
of the beſt and moſt experienced Naturaliſts, who have 
always conceived this to be the Caſe, but in an infinitely 
. ſuperior Degree to any Thing that we can find in the 
human Conſtruction of a muſical Inſtrument; for in ſuch 
an infinite Variety, in the Lengths of nervous Chords, 
it will always happen that ſome or other of them will be 
in Uniſon, or ſome other Concord with the Vibrations of 
the Air impreſſed; and other Nerves in Diſeord with 
other Vibrations of the ſaid Air. — - This, at leaſt, is 
ſome Way of accounting for the mechanical Production 
- of Sounds, and muſical Notes in this Organ : But you 
are not to expect that we can, at all Times, declare the 
full Intent and Purpoſe of evety Part which we obſerve in 
the Contrivence of this, or any other Organ of Senſation. 

Euphreſ. It is to be eſteemed a great Condeſcenſion, 
that we are admitted to ſo near and ſo affecting a View of 
Nature and her great Operations, as to give us thoſe 
extended and exalted Notions and Ideas which' we thereby 
acquire of the divine Author himſelf. How little can 
they be properly ſaid to know of the Deity, who are 
ignorant of the Works of his Hands ? For'my Part,” I 
hall ever think it my greateſt Felicity to have been thus 
conducted, by you, through a Series of theſe moſt 
uſeful Speculations, on the moſt intereſting Subjects 
of this Kind, and which will ever endear you to me 
under all the Relation of a Friend, a Brother, and a 
Tutor; and which is all the Acknowledgment I can, at 
preſent, make for your aſſiduous and indefatigable Care 
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to entich my Mind, and to improve it with the moſt in- 
valuable Principles and Parts of buman Knowledge. 


A Deſcription of the ſeveral Parts of the EAR. 


Fig. I. A B, the external Ear. C D, the internal 


Part, or Organ of the Ear, conſiſting of the Drum, the 
Labyrinth and Cochlea. E, Euſtachiuss Tube. 

Fig. II. Shews the Tympanum, or Drum of the Ear, 
with its proper Apparatus of Bones in their natural ditu- 
ation, viz. A, the Tympanum; B, the Malleus; C, the 
Incus, or Anvil; D, the Stapes, or Stirrup. - 

Fig. III. Shews thoſe Bones ſeparately, wiz. B, the 
Malleu,; C. the Incus; D, the Forepart; and E, the 
hind Part of the Stapes. Ti 
Fig. IV. Is a View of the Labyrinth and Cochlea con- 

- nefted. A, the Superior; B, the Middlemoſt; and, C, 

the inferior Semicircular Canals of the Labyrinth. 

DE, the Veſtibulum of the Labyrinth; F G, the Cochlea 
with one of its Spirals opening into the Veſtibulum D E, 
and the other into the Drum at H. 

Fig. V. Another View of the Labyrinth and Cochlea, 
ſhewing thoſe Bones in the Tympanum which open into 

them, viz, the Holes called, | 

1. The Fene/tra Rotunda, which opens into the 

| Cachlea. ee 
2. The Feneſtra Ovalis, which opens into the Veſti- 
bulum. | 

. The Exit, or opening of another Canal. 

4. The Spiral of the Cochlea, opening into the Veſti- 
bulum. | | 

5. The other Spiral opening into the Tympanum, 

Fig. 6. A Section of the Cochlea, with the membrane- 
ous Partition taken away, ſhewing the Blood-veſſels ra- 
mified through its two ſpiral Cavities, A and B. 

Fig. VII. Another Section of the Cochlea, ſhewing 
the Holes ſor the Paſſage of the auditory Nerve to the 
Cachlea. N | + 
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DIALOGUE XII. 
_ Of the General SensE of FEELING. 


| Cleonitus. 5 
N ſome of our laſt Converſations, my Euphroſyne, we 
1 bave touched upon the Organization, or particular Con- 
formation of the Pats, which Nature has appointed for 
the Production of four Senſes out of the five, viz. thoſe of 
Vision, HEARING, SMEL LING, and TasTING, which 
are called particular Senſations ; I ſhall therefore now 


proceed to propoſe to your Reflection the Rationale of the 


remaining fifth, which is the General SENSATION of 

FeeLlinG. | \ | : : 
Euphroſ. You will make me very happy, my deat 

Cleonicus, to bring me acquainted with a Subject of fo 


great and important a Nature I remember you con- 


ſtantly obſerved to me, that each Senſation was produced 
by its peculiar Organ, or Pair of NeRvEs———l could 
readily conceive how this might be done for a ſpecial 
Part But how will it be "off 
- ſo 1 a Senſation as we find in every Part of the 

ody 

Cleon. This may be done with Eaſe, dear Siſter, by 
only conſidering that as a ſingle or ſpecific Senſation is 
owing to a ſingle Part of the Nerve/e Sy/lem, pecu- 
liarly qualified to excite it, fo the General Senſation is 
owing to a general Cauſe of the fame kind, that is an uni- 
verſal Syſtem of Nerves diſpoſed through the whole, and 
every individual Part of the Animal Body. 

Euphroſ. But this requires a prodigious Stretch of 
tt fc Cleonicus, for me even ſo much as to form the 


dea of ſuch an amazing Effect] For ſince every 
Point 
it ſhould ſeem to me that the whole Animal confiſted of 
nothing elſe but Nerves; how account you for this 
| Cleonicus ? 

Cleen. You muſt not be too ſanguine in your Ex- 


pectations of my accounting for the unaccountable P. 


nomena of Nature; but this you may be affured of, 


that beſides Nerves, there are many different Parts 


E e and 


ble for one to get an Idea 


n the Body is ſenſible of a Touch from any Object, 
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and Veſſels in the Subſtance and Conſtitution of the Body 
of an Animal, as Arteries, Veins, Membranes, Muſcles, 
Viſcera, &c. of many kinds; as alſo Boxes which are the 
Frame-WYork, and Support of the whole. 

Euphroſ. Well, but Cleonicus, I ſuppoſe you will allow 
all theſe conſtituent Parts of the Body to be endued with 
Exquiſite Senſation, which mult be occaſioned by Nerves 
in each of them alſo, (if Nerves be the immediate Organs 
of Senſation, as you ſay.) then I ſhould think it would 
follow, that every Part of an Animal Body, and conſe- 
quently the Whole, muil conſiſt of a mere. aſs of Nerves, 
or nervous Subſlance only. If you can think otherwiſe, 
Cleonicus, you can inſtruct me to do ſo too. 

Cleon. To tell you the plain Truth, Siſter, I muſt 
confeſs I am much at a loſs how and what to think about 
this, and all ſuch natural Myſteries. We fee the Opera- 
tions of Nature in her larger I raits; we are permitted to 
ſee the Origin, but not the finiſhing Strokes ; we obſerve 
the firſt of the Nerves, Arteries, Veins, and moſt of their 
ſtupendous Divarications and Diſperſion through the 
various Parts of the Body; but this no longer than they 
are viſible to the naked or microſcopic Eye;-after they 
eſcape the Sight, all is involved in Darkneſs and Inſcrut- 
able Myſtery. | 
Euphreſ. I beg you, Cleonicus, not to think I want to 
know more than Nature has deigned to reveal. I have 
learned enough from your various Elucidations, to be 
convinced, that human Knowledge is greatly circum- 
ſcribed; and that it would be almoſt a Profanation to be 
curiouſly. prying into many of thoſe ſecret and ſacred Phæ- 
nomena; which we may revere and admire, but want the 
Faculty or Power to comprehend. | 

Cleen. Upon my Word, Euphreſyne, I wonder Men 
don't allow Women to preach to them, as well as to re7g7 
over them. There are few of our Sex that need be ſhamed 
of the learned Documents they might receive from the al- 
moſt Ciceronian Eloquerce, and Newtonian Math eſes, of 
ſome of youi's—— But Petticoat- Government | 

 Euphroſ. Not, io faſt, Cleonicus, in your edd Sort of 
Raillery, you praiſe and diſparage the Ladies both in one 
rat —_ _ Ls | 


Bye haul T 
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' Cleon. That's your miſtake, my Enuphroſyne ; J praiſe 


the Ladies, tis true; but the Diſparagement falls on the 
men who act an abſurd and ignoble Part. 

Euphroſ. But pray Cleonicus, what has all this to do 
about the General Senſe of Peeling I think we begin 
to looſe Sight of the Subject s ot 1 

Cleon, Why indeed, my Zuphroſyne, J have ſaid as yet 
but very little on the Subject; and, what is worſe, have 
very little more to ſay about it, but what is quite pre- 
carious—— Thus we are told, the Nerves convey Animal 
Spirits to all Parts of the Body for producing Life and 
Senſation ; alſo F | 

Euphroſ. But not too many things at once, Cleonicus, 
let me firſt know what you call Animal Spirits? 

Cleon. That's more than I can do, Siſter; I am not con- 
vinced by any Argument or Experiment whether any thing 
under that Appellation has really any Exiſtence; nor do we 
find it poſſible by the Microſcope to diſcover whether the 
Nerves are fine capillary Tubes, or ſolid Filaments, or 
Threads; it is certain only that they are the molt immediate 
Cauſe of Senſation in every reſpect; but how and in what 


manner they are ſo, is not (pechaps,) in Man to ſay. 
Eupbroſ. But how are you ſure, Cleonicus, that the 


Nerves arereally the Cauſe if Senſation? 


Cleon. By many evident Arguments; as firſt, wher- 


ever a peculiar Senſation is intended, there you always 
find an Organ animated by a ſpecial Pair of Nerves to 


produce it, as we have ſeen in the Eye, the Ear, Noſe, 


Tongue, &c. Secondly, it is found by Experience, that 


when a Nerve is cut aſunder, wounded, or tied with a 


String, the Part to which it is appropriated is thereby 
rendered uſeleſs, paralytic, and without Feeling. Third- 
ly, they are evidently a moſt important Part, as the whole 
Syſtem of Blood-veſſels, viz. Arteries and Veins is con- 
ſtantly accompanied by a ſimilar Syſtem of ' Nerves in all 
their Ramifications and Diſtributions through the Body 


Fourthly, if Senſation be not the Effect of Nerves, we 


know not what is the Cauſe of it at all. Fifchly, it is 


the univerſal Opinion of the wiſeſt and moſt experienced 
Part of Mankind, that the Nerves are the natural Jeans of 
Senſations | | ET 900 
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Euphraſ. You need not alledge any more Reaſons, 


Cleonicus, as whatever is Conviction to the Learned, 


ought to be ſo to me, and every one elſe. Let me 
aſk you one Queſtion more, and I have done; is not 
the Brain the Origin of the Nerves ? | 

Uuleon. It is, my Euphroſyne, for the four Pair which 
are deſtined for the particular Senſes ſeated in the Head ; 
but there is a Sort of Continuation of the Subſtance of 


the Brain through all the Yertebre, (which make the Back- 


Bone,) and is vulgarly called the Spinal Marrow vom 
whence proceed many different Pair of Nerves \all the 
way down.) and are detached to all Parts of the Body 
for general Senfation. 
| gy Anatomiſis) to terminate in the Surface. of the 
kin, in thoſe little Heads or Protuberances they call 
Papillæ pyramidales, and are covered by the Cuticle, or 
Scarf-ſkin.——— I have previouſly prepared a View of 
them in the Microſcope for your better Information, 
I here, view them my Euphroſyne. PG 
Euphroſ. I do; 1 ſee what you call Papillæ very 
plainly ; little rifing Tubercles, at a fenfble Diſtance 
from each other, and placed in Rows, as it were, along 
the Skin, which feems to be furrowed or channelled for 
the Purpoſe. They are ſomewhat opakiſh at Bottom, 
but at the Top <hey are all tranſparent, and in ſome 
there is almoſt the Appearance of a Pore or Perforation. 
Cleon. I fee you have ſurveved them very critically, 
Ei p brahine; but you obſerve that theſe Papillæ have large 
Spaces between them, for the moſt Part; and, therefore, 
if the Nerves terminated in them only, there would be a 


confiderable Part of the Skin without Senfation, becauſe _ 


without Nerves ; but this is not conſiſtent wita Experi- 
ence, fince you cannot apply the Point of the fineſt Needle 
you ufe, wirb the lealf Degree of Preſſure, but you feel 
it, and with a painful Seniation. : 
Euphnoſ: I have very often a Proof of that, Clecnicus; 
and hence I fuppofe it may be preſumed that moft of the 
Senfations of Feeling are of the pleaſurable or painful 
Chon. They are, my Euphveſyne, for if Objects touch 
us in one Manner they give us Pleaſure; if in a differ- 


ent one, they give us Pain: But what thoſe peculiar 
| | Modes 


They are ſuppoſed (by our 
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Modes of the Touch may be, we are again at a Loſs to 

. conjeCture. — All that we know, is, that all plea- 
ſurable Senſations ariſe from the Touch, but ſome of 
the painful ariſe from other Cauſes, as Hunger, Thir/t, 
_ other Appetites, of which we are not able to form 
deas. 5 

Euphroſ. I fear by this Time I have pretty well tired 
you, Cleonicus, or elſe my Curioſity would prompt me 
to aſk you one Queſtion more, viz whether it be poſlible 
for a blind Perſon to diſtinguiſh Colours by the Touch? 

Cleon. There are many Inſtances of this Sort in the 
Affirmative upon Record; and theſe have been ſanc- 
tioned by the Credulity of ſuch great Names as Boyle, 
Derham, &c. ; but the Aſſertion of one, Dr. Saunderſon is 
of more Weight with me, who always declared he ne- 
ver could do it, and that it was pretending to [mpoſſibi- 
lities. . 

Eupbroſ. I have heard ſo much of that blind Gen- 
tleman, that I think if he could not, no other ought to 
be credited; and indeed this one Anecdote furniſhes a 
Proof that Credulity will ſometimes find a Place in the 
higheſt Characters for Reputation, though it is uſually rec- 
koned the moſt degrading Attribute of the loweſt. — 
I thought to have troubled you no farther ; but I re- 
member, Cleonicus, I once heard of a Perſon that could /oe 


every thing but Colours; and that of thoſe he never had the 


leaſt Idea; do you think this credible ? | 
Cleen. I happened, luckily, to be acquainted with a 
Gentleman who knows that very Perſon you ſpeak of. — 


He is a Haberdaſher by Trade, which is ſomewhat ex- 


traordinary.— When his Cuſtomers aſk for this or that 


coloured Ribbon, he takes out a whole Drawer of 


all Colours, and ſets before them, to chuſe which they 
pleaſe. I know alſo another Gentleman, who afſures me 
he had a Servant that could ſee or diſtinguiſh no Colour 
but Green, an knew nothing of any other. —But, ſee, 
here is a Summons to Dinner, my Eupbreſyne, fo we 
mult adjourn, for the preſent, any farther Speculations on 
_ theſe Subjects. 
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MPHISCII, 91. 


Analemma, or general Refifier, i its Uſe on the terreſtrial. 


Globe, 108. 

Animal Spirits, 419. 

Antæci, 93, 

AAntipodes, ib. 

Aquarius, the Emblem of a rainy Seaſon, 19. 
Fabulous Hiſtory of, 76. 


Ara, a poetical Deſcription of the Uſe and Occafion of this . 


Conſtellation, 35. 
Afrcturus, a Star of the. firſt Magnitude, 70. 
Latitude of, from the Ecliptic, with its Declination and 
right Aſcenſion, 76. 
Its riſing, ſetting, and ſouthing, 71. 
Argo, fabulous Hiſtory of, 36. 
Aries, the firſt Sign of the Zodiac, 10. 


Conjectures With regard to the Name and Form of this 


Conſtellation, 11. 
Fabulous Hiſtory of, 16. 
Aſcii, who were called ſo by the Greeks, 91. 
Afirologers, their Pretenſions often vain and impious, 4. 
Auriga, fabulous Hiſtory of, 27. 
Azimuth of the Sun, 48. 
How to find it for any Ong of any given Day of * 
0 Vear, 47. : 


1 the Whale or Sea Monſter, poetical Story of, 33. 
ays, 97. 

Black, - Abſence of Colour rather than à Colour, 207. 
Bootes, or Arctophylaæ, the Bear- keeper, fabulous Hiſtory of, 27. 
Break of Day and Twilight, 48, 49. | 

Bull, e Hillory of, „12. | 
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CELESTIAL Globe, deſcribed, 1. 
Wherein it differs from the Sphere, 2. 
What the Ancients called celeſtial Houſes, 3. 
Camera Obſcura, a new proportional one, 250. 
Uſe of, principally for Drawing, ib. & leq. 
The Artiſt cannot draw any Obje in a given Proportion 
by the common Camera, 252. | 
| Cancer, the Name of this Sign not without Propriety, 14. 
Fabulous Hiſtory of, 15. 
Canis Major and Canis Minor, the great and little Dog, 34. 
Capricorn, the Origin of this Conſtellation, 18, 
Fabulous Hittory of, 74, | 
Caput Medu/z, Meduſa's Head, fabulous Hiſtory of, 25. 
Cepheus and Caſſiepe, fabulous Hiſtory of, 22. 
Charts and Maps, how properly conſtrued, 128. 
The Errors of thoſe in common Uſe, 129. 
Excellency of ſuch as are of the globular Conſtruction, 16. 
Of great Uſe in repreſenting particular Places, 133. 
Thoſe repreſenting a Spheroid moſt accurate, 134. 
Peculiar Advantages thereof, 137. 
Illuſtrated by a Diagram, 139. 
- Circle of Hlumination, 116. 
Circles of the Horizon, 2. 
Climates, what the Geographers mean by a Climate, 93. | 
A Table of thoſe between the Equatar and the polar 
Circles, 94. | | 


- 


By Between the polar Circles and Poles, 16. 
Colours, the Theory of. 198. 5 
Sir Jaac Newton firſt diſcovered the Cauſe of, 199. 
This Diſcovery proved by Experiments, 16. 
Seven original Colours, 200. 
Why Bodies are ſeen variouſly coloured in a Priſm, and 
not in Glaſſes of other Forms, 201. 
The Colours of the Rainbow explained by an Experi- 
ment, 20Je ; 
Comets, their Courſes to be traced on the cceleſtial Globe, 
61, & ſeq. | a 
The Courſe of the Comet in 1758 particularly deſeribed, 
64, & ſeq, 
Concord and Diſcord in Muſic, 370, 378. 
Conflellations, confiſt of a Number of Stars, 5. 
Names of thoſe in the northern Hemiſphere, 5, 6. 
Their Origin and Mythologic Hiſtory, 32, &.ſeq. 
Of thoſe in the ſouthern Hemiſphere, 6, 7. 
Their Origin and fabulous Hiſtory, 32, & ſeq. 
The numbering and naming them of the moſt ancient 
Date, 7. f 
Of thoſe 2 the Zodiac, with their fabulous Hiſtory, 10, 
& ſeq, | | : 
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Continents, qs. 

Crater, the Bowl; fabulous Hiſtory thereof, 35. 
Creeks, 97. : 

Crepuſcular Circle, or Circle of Twilight, 116. 


DAY ; Lunar, Planetary, Sidereal, and Solar, 309. 
Delpbinus, the fabelous Hiſtory of, 31. 
Draco, fabulous Hiſtory of, 21. 


EAGLE, fabulous Hiſtory of this Conftellation, 28. 
Zar, its various Parts deſcribed, 411, & ſeq. | 

A Plate of it, with an Explanation of the Figures, 411. 416. 
Zartb, the Axis of, has a retrograde Motion, 75+ 


The Effects of this Motion illuſtrated on a Globe with 2 


particular Apparatus, 76, 
The Motions of the Stars and Conſtellations forward thence 
accounted for, 80. 
Figure of, not that of a Globe, 87. \ 
But what is called a Spheroid, #6. | 
Dimenſions of, 88, 89. . 
Eebo, the Nature of explained, 364. 
Often affords an agreeable Amuſement tothe Curious, 365. 
The Man and his Echo muſt be heard from two diſtant 
A Places, 366. « 
Eel, the Scale of, its Appearance in the Microſcope, 186. 
The Scales of this Fiſh differ from thoſe of common Fiſh 
in ſeveral Particulars, 186. 
Elaſtic Fluid, the Nature and Action of, 356. 
Epiglotiis, 407. | 
Eguinoxes, the Preceſſion of, illuſtrated by a Globe of a par- 
ticular Conſtruction, 76, 77. 
See Plate XXXVI. 81. | 
The equinoctial Points being moved, the Phxnomena of 
„any Age may be repreſented on the celeſtial Globe, 84. 
| Eridanus, a Conſtellation ſo called, fabulous Hiſtory of, 37. 
Evening, ſtarry, a poetical Deſeription of, 10, 11 
£ xplanation of a Plate repreſenting the Machinery in a new 
Apparatus to the terreſtrial Globe, 112. 126. 
Of a Plate repreſenting the different Parts of the Ear, 
„ 49; 5 
Experiments, | | | 
To prove the Sun's Rays when refracted to be the natural 
| Cauſe of Colours, 199. : | 
To explain the Nature of the Rainbow, 203. | 
To illuſtrate the magnifying Power of a Teleſcope, #6. 


To ſhew the Cauſe of the Defe& of Sight in the M, ops 


and Proſoyta, 15, 


b 


aße im nis. 
To ſhew the prodigious Degree of Vibration Guan! is 
capable of, 379. 
3 To ſhew in what a ſurpriſing Manner muſical Strings are 
affected by each others Vibrations, 389. 
To prove that a String may be put into Motion by two 
Parts, and yet at reſt between them, 390. 
Eye, the Form and Structure of, 33 
What the Apatomiſls call the Optic Nerve, 334. 
The Retina the immediate Inſtrument of Viſion, 7b. 
Form of the Eye ſuch as the Laws of Optics require, 337. 
The Cornea, why tranſparent and convex, ib, 
The Uſe of the Uvea with the Pupil, 339. 
The cryſtalline and vitreous Humours, 340, & ſeq. 
A Defe& of the Eye in old People, to what oing, 344 
In young Perſons, from what proceedings ib, 
Structure of an artificial Eye, 348. 
Of the three Glaſſes which are ſcrewed on in the aatificial 


Eye, 349- 
The well tormed and defective Eyes illuſtrated by an Expe- 
11ment, 350. 4 


FEELING, of the general Senſe of, 417, 
The nervous Syſtem the immediate Cauſe of . Senſe, 
19. 
Not ſufficiently acute in W Ping, to diſtinguiſh cc co- 
lours, 421. 


GAMUT, in Muſic, what, 376. 
Gemini, Reaſons for the Denomination of this Sign, 14. 
Fabulous Hiſtorv of, 26. 
Glaſſer, convex, neceſfary to help the decayed Sight of elderly 
People, 346. 
Muſt be ſo placed, chat the Axis of each may coincide 
with the Eye, 348. | 
Concave, proper for ſhort-fighted People, 346. 
Muſic of, 387. 
Globe, cœleſtial; a Deſcription of, 1, & ſeg. 
| Uſe of, in ſolving ſolar Problems, 42, & ſeq, 
| In ſolving lunar Problems, $2, & leq. 
| An Appendage to, for ſhewing the various Motions of 
| the Moon, 51. 
, Dſeof, in Problems relating to Planets and Comets, 60, &ſeꝗ. 
4 In ſach as relate to the Stars, 68, & ſeq. 
1 | k An antique cœleſtial Globe, found in the Ruins of ancient 
Rome, 80. 
Cop jectures concerning the Age thereof, Br. _ 
This Globe a Demonſtration of he retrog! rade Motions of 


the equinoctial Points, 82. 
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Terreſtrial, a Deſcription of, 87. | | 

Its Uſe in the Solution of many curious and uſeful 
Problems, 98, & ſeq. | 

Deſcription of a new Apparatus thereto, 1 10, & ſeq. 

To rectify this new conſtructed Globe, 113. 

To ſhew thereby the Manner in which the Earth turns 
upon her Axis, as ſhe proceeds in her Orbit about 
the Sun, 113. 95 

To ſhew the apparent Motion of the Sun in the Ecliptic 
for one Day, 114. 

The variable Length of Days and Nights, 15, 16. 

The various Seaſons of the Year, 117. | 


Uſe thereof, for exhibiting the Phænomena of ſolar 


Eclipſes, 120. 

Exemplified in ſhe wing the Solar Eclipſe April 1, 1764, 
121, & feq. 

. Gulphs, 96. 


HARP, the Eolian, 388. | 
Har ve Moon, explained by the cœleſtial Globe, 57. 
Helioſcopes, Uſe thereof, and moſt perfect Method of making, 


233. | | 
The moſt remarkable, thoſe invented by Dr. Hook, 236. 
Helioftata, a ſolſtitial and planetary Clock, 304. 


It ſhews the lunar and planetary Days, by the Contrivance 


of a Pendulum for that Purpoſe, 308, & ſeq. 
How the Machine muſt be rectified for planetary Obſer- 
vations, 310. : 
The Uſe of, exemplified by Experiments, 313, & ſeq. 
Hercules, fabulous Hiſtory of, 29. | 
Heſrod, the Age in which he lived determined by his Deſcrip- 
tion of the acronical Riſing of the Star Arcturus, 83. 85, 
Heteroſcii, ga, &ſe q. . | 
Horizen, Circles of, on the celeſtial Globe, 2. 


_ JERUSALEM, its Latitude and Longitude, 99. 
What Point of the Compaſs it bears upon from London, 

1108. | | 

Jet &Eaus, exhibited bygn artificial Fountain, 205. 

Inſiraments, ſtringed, thePrinciple of their Conſtruction, 381, 

Feb, his Hiſtory the moſt ancient of any extant, 7. 

He mentions the Pleiades and other Conſtellations, 16574. 


lands, 95. 


| J/thmus's, 95» 


LAKES, 96. | | | 

Lanterna Megalographica, or the Magic Lanthern, 285. 
Wherein it differs from the ſolar Megalaſcope, 285. 
A Portrait two Inches long thereby forms an Image on 
the Wall ſix Feet high, 287. ; 
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A View of the Coronation by this Inſtrument, 288. 

Its Uſe in viewing the Contexture and Ramifications of 

Leaves and Sea Plants, 289. 

The Effect thereof in viewing little tranſparent medallic 
Impreſſions, 291. 

A 1 of the King and Queen as large as the 
Life, 292. 

A perſpective View of London before the Fire, 76. 

The King's Arms richly blazoned and ee. 293. 


3 406. 
Latitude, what it is, 89. 
To find that of any Place, 98. 
Lenſes, convex and concave, their Ufe in Reading Glaſſes, 318. 
The Rationale of, deren by a Diagram, 319. 
- The Theory of viſual Glaſſes, 32 1. 
The Power of Burning in large convex Lenſes and con- 
cave Speculums, 323. 
The Rationale thereof, 324. 
Various Kinds of burning Speculums, 327. 
Their wondrous Effects, 328. & eq. 
Some of the offer oble proved by Experi ments, 331. 
Lee, the Lyon; Reaſons for the Name of this Conſtellation,  ;. 
Fabulous Hiſtory of, 26. 
Libra, Propriety of the Name of this Sign, 16. 
d Fabulous Hiſtory of, 6. 
Some of the Ancients not acquainted with this Sign, 17. 
Light, the Motion of, propagated in 88 Directions 
only, 363. 
Not = hs 3 Sounds are, 354. 
Velocity of, twelve Millions of Miles per Minute, 368. 


Longitude, to find that of any Place, gg. 


Lungs, their e in the Formation of animal Voice or 


Sound, | 
Lyon, fabulous toy of, Ic, 
Zyra, the Lyre, fabulous Hiſtory of, 30. 
Lyrichard deſcribed, 39;. 
A Priat of it, 386. 


MACULZEZ or Spots of the Son, 80. 
Magec Lanthern deſcribed, 285. 
How it came to be ſo called, 286. 
Manilias, an ancient poetical Aſtronomer, ro. 
His Deſcription of the twelve Sig es, ib. 
Of the northern Conſtellation Serpentarius, 29. 
Of Orion, 33. 
Of the Conſtellation Aa, 35. 
Of the Milky- Way, 40, 41. 
Maps, general and particylar,. 127. 
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The Deficiency of the common Method of conſtructing 


them, 129, 


The Excellency of the globular ProjeRion in a Map of 


the World, 130. 

This illuſtrated by a Plate, 131. 

Some are made by projecting the Surface of the Earth on 
the Plane of the Horizon, 131. 

Thoſe of particular Places, are much juſter Repreſen- 
tations of them than general ones can be, 133. 

Should be taken from the Surface of a Spheriod, not a 

Sphere, 134. N ; 

The principal and pecuhar Advantages of ſuch a Map, 


137. N 
Illuſtrated by a Diagram, 139. See alſo Plate XL. 140. 
Mercator's Projection, 131. ; | 8 
Microſcopes, ſing le, their Nature, Uſe, and Conſtruction, 


161, & ſeq. | 

Different Kinds and Forms, with their reſpe&ive Uſes, 
167. 172. | 

Willew's deſcribed. 168. 

Three Forms of Microſcopes uſually called manual, 172. 

Compound, their Nature, Conſtruction, and Uſe, 174. 

Difference betwixt the ſingle and compound, 175. 

'The Parlour Microſcope deſcribed, 180. 

The Three-pillared one, 181. 

The Solar Microſcope deſcribed, 182. 

Deſcription and Uſe of the ſeveral Parts, 183, | 

Es Ule illuſtrated in the Scale of a Sole Fiſh and an 
Eel, 18c. 

Ina maine Species of Eels, 186. WS | 

In the Eye of a Fly, and the Wings of a Scarab or ſmall 
Beetle, 187. 525 

The caſt - off Skin of a Spider, 188. ; | 

The Tail of a Water-Newt, to ſhew the Circulation, 189. 

Deſcription of. a Microſcopic Apparatus, confiſting of a 
fingle, compound, and ſolar Microſcope, to be united 
as Occafion requires, 194. | 

Illaſtrated by an Explanation of the Figure in Plate 
XLIV. 196. 
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Milky-Way or Galaxy, fabulous Hiſtory of, 40. 
Poſition of, on the firſt of Oæeber, 73. x 
Mouth and Lips, moſt eſſential to the human Voice, 40g. 
Mufic, the Properties of Sound reſpecting it, 369. 
The Connection of, with Optics, 399. 
Mufical Notes, ib. ; 
Inſtruments, the Rationale of, 393. 


Myop:, a ſhort-Gghted Perſon, 345. 


> 
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N. DA E= XJ 
Whence this Defect is occaſioned; repreſented by a 


Diagram, 3 52. 
A Variety XA concave Glaſſes muſt be uſed as Remedies, 


\ 347. 


NERVE, the univerſal Oren of Senſation, 334. 
The optic, enters the Eye on one Side, 335. 
A Reaſon aſſigned for this, 1b. 
This illuſtrated by an Experiment, 336. | 
Newton (Sir Jaat) firſt inveſtigated the Cauſe of the various 
Motioas of the Moon, 51. 
He diſcovered the natural Cauſe of Colours, 199. 


Nose, its 3 410. 


OCEANS, 96. 
Octant, or Sea-Quadrant, 296. 
Its Conſtruction and Theory explained from a Principle 
in Optics, 297, & ſeq. h 
The Uſe thereof to take the Height of the Sun at Sea, 301. 
Alſo the Height of the Moon, 302. 
And the Diſtance of the Moon from 27 2 303. 
Octave, in Muſic, what 372, & ſeq. 
a The Rationale of, 373. 
Opera Glaſſes deſcribed, 220. 
Optical Inſtrument for meaſuring the A ls of Viſion, 274. 
No more than two Glaſſes eſſentially required in it, 275. 
A third may be added, 276. 
A Micrometer adapted to it, the Diſtance of an Object 
may thereby be diſcovered, 277. 
The comparative apparent Magnitude of diſtant Bodies 
may alſo be eſtimated, 278. 
May be applied likewiſe to meaſure the Diſtance of inac- 
ceſſible Objects, 279. 
Upon making a Change of Glaſſes, Prints and PiQures 
|; may be viewed to great Advantage, is, 
May be fitted alſo for viewing all Intaglios, or deep cut 
Figures in precious Stones, 282. 
It ſhews alſo to great Advantage all Kinds of Fs, 
Minerals, Ores, &c. 283. 3 
Organ, the internal Structure of this muſical Inſtrument, 397. 
Orion, fabulous Hiſtory of, 33. 
Ovid, tranſlated by D den, his Relation of the Story of 
Jupiler carrying off Europa, 12, 13. 
Ot Jupiter, and Caliſto turned into a Bear, 21. 
Perjeus and Aniromeda, 22. 
Of Medu a, One of the Go gong, 25. 
Phaeton falling into the Rrivanus, 38. 
His ſurpriſing Account of the Oh nie, 39. 
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.PARALLAX; the Nature of explained, 143. 


Of Venus, 260, & ſeq. 
Paws, the Pes cock, fabulous Hiſtory of, 37. 
Pegaſus, fabulous Hiſtory of, 26. 


| Pekin, Latitude of, 99. 


Point of the Compaſs it bears 2 25 from London, 1 100. 


 Peninfulas, q. 


Periæci, 93 
Perſeus and Andromeda, fabulous Hiſtory of, 22. 
Pete fourgh, Latitude of, 99. 
Phenix, fabulous Hiſtory of, 39. 
Phenomena of the Moon accounted for 56, & ſeq. 
Of the Tranſit of Venus over the Sun, 142, & ſeq, 
Piſces, what gave Occaſion tor the Denomination of this 
Conſtellation, 19. 
Poctical Hiſtory of, 25. 
Pit:h-Pipe, in Muſic, the Raxionale of, 396, 
Planetary Day, zog. 
Planets, their Orbits do not ene with the Ecliptic, 63. 
Repreſented on the cœleſtisl Globe, 26. 
To be meaſured more accurately when diveſted of their 
Radiance, 253. 
The Quantities of Matter in any two, are in a Ratio of 
the periodical Times and Diſtduces of the Satellites 
which revolve about them, 203. 
Plates. 
5 „ „ The celeſtial Globe, 42 ; 
XXXV. The Courſe of the ſolar Maculæ over the Sun's 
Diſk, 50. | 
XXXVI, Of the Preceſſion of the Equinox, 81. 
XXXVII. The ccoleftia] Globe rectiſied for the Age and 
Birth of H-/od, 85. 
XXXVII. The ſolar Eclipſe April 1, 1764, repreſented by 
anew Apparatus of the terieſtrial Globe, 126. 
XXXIX. A Diagram demonſtrating the Nature of geo- 
e graphical Maps and projections, 171. 
XL. A new geographical Map or Chart of the A.- 
luntic Ocean, with Part of the Continent of 
Europe, Africa, and America, on the conical 
Projection, 140. 
XLI. The Tranſit of Venus over the Sun s Diſk, 154. 
XLII. An Apparatus adapted to the reflecting Tele- 
ſcope, for ſhewing the Tranfit of Venus, 160. 
XLIII. Different Forms of fingle Microſcopes, 172. 
XLIV. Single, compound, and folar Microſcopes, 196. 
XLV. Priſmatic Experiments in a Camera Od/cara, 202. 
XLVI. A Plate of the Rainbow, 206. 
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XLVII. A Plate to illuſtrate the Nature of refraQing 
Teleſcopes in a Camera Obſcura, 228. 
XLVIII. The Nature of refleQing Teleſcopes, 250. 
XLIX. The Beginning and End of the Egreſs of Venus 
from the * Diſk, 259. 
L. Optical Inſtruments, 294. 
LI. The Nature of Viſion explained, 3 33. 
Lyrichord, 386. 
LI. A Diſſection of the Ear, 411. 
Polomeſcope deſeribed, 232. | 
Port Royal, in Jamaica, its Latitude, and Longitude from 
London, 99. 
Pr. ” elderly People, Cauſe of their Deficiency in 
ight, 34 
Mal mak Ute of a convex Glaſs, 16. 
This Defect of the Focus being at too great a Diſtance, 
5 repreſented in a Diagram, 352 
Preblem: ſolved on the cœleſtia! Globe, 42. : 
To find the Sun's Place in the Ecliptic, 43. | 
The Conſtellations above the Horizon at . ibs 
The Sun's Declination and right Aſcenſion, 44. 
Time and Amplitude of rifing and ſetting, ib. 
To find his Altitude, 46. 
To ſhew the Hours of the Day thereby, 47. 
To ſhew the Sun's Azimuth, 48. 
To find the Moon's Orbit, 52. 
Her true Place in the Orbit, 53, 54, 
Her Latitude and Longitude 55. 
To ſhew the Uſe of the Zodiac, 74, 
The Declaration of the Moon, 56. 
The Harveſt Moon, 57, & ſeq. 
'To ſhew each Planet's Place in the Ecliptic for any par- 
_ __ ticular Time, 62, & ſeq, 
To trace the Courſe of a Comet, 64, & ſeq. 
To ſhew what Stars will be viſible any Hour of a Night 
wen, 72. 
The e of a Place and the Altitude of a. Star being 
given, to find the Hour of the Night, 73. 
Solutions of, on the terreſtrial Globe, 98. 
To find the Latitude of any ** Place, ib. 
To find the Longitude, 99. 
LE and Longitude given, to find the Place on the 
| lobe, go. 
To find By Diſtance between any two Places, 100. 
To find the Point of the Compaſs on which any Place 
bears from Londen, ib. 
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To fnd all the Places of the ſame Latitude and Longitude 

with a given Place, 101. 
To find all thoſe Places where it is Noon at any Hour of 
the Day, in a Place given, ib. 
When it 1s Noon at a Placegiven, to find what Hour it is 
at any other Place, 102. 

For the Hour of the Day, in the Place where you are, to 
find the Hour in any other Place, 16. 

To find all Places in the Torrid Zone to which the Sun 
is vertical for any given Day, 103. 

To find the Midſummer-Days for any given Placd i in the 
Torrid Zone, #6, 

To find thoſe Places in the North Frigid Zone where the 
Sun begins to ſhine conſtantly, or without ſetting, on 
any given Day, 104. 

To find the Place over which the Sun is vertical on any 
given Day and Hour, 10g. 

To find, for any given Day and Hour, thoſe Places 
where the Sun is then rifing or ſetting, or in the Meri- 
dian ; alſo thoſe Places which are enlightened, and 
thoſe which are not, 106. 

To exhibit, in a general Manner, all thoſe Places to 
which a ſolar or lunar Eclipſe 1s viſible, when the 
Time is known, 16. 

Exemplified in the Eclipſe of the firſt of April, 1764, 107, 
See Plate XXXVIII. 126, 


Promontories, 9 8 


RAINBOWS, their Diverſity of Colours explained by Ex- 
periments, 202 & ſeq. 
That one commonly called the Water-Gall accounted 
for, 204. 
Repreſented by an artificial Shower of Rain, 208, 
| See Plate XLVI. 206. 
Reading-Glaſſes, the magnifying Power accounted for, 319, 320. 
The proper Size for reading with both Eyes, 321, 
I be elliptic Form preferable to a round one, 16. 
| ReAaifying the celeſtial Globe, Method of, 42. 
RefleAing or Catoptric Teleſcopes, 230. | 
Their genuine Conſtruction, 247. 
| Uſe of their reſpective Glaſſes, 248. 
Retina of the Eye, 3 34. 
Rivers, 97. 


SAGITTARIUS, the Meaning and Import of this Sign, 18; 
Fabulous Hiſtory of, 25. 
Vor- . : F f 
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Scorpion, fabulous Hiſtory of, 17, 
Sea Charts, 127. 
Quadrant, or optical Octant; Nature and Theory of, 
301, 5 | 
Seas, 96. 
Serpentarius, fabulous Hiſtory of, 28, 
A poetical Deſcription of, 29. 
S-xtans, the Inftrument of Urania, made a Conſtellation, 28, 
Sidereal Day, zog. 
S:lar Day, 16. 
Eclipſe in . 3 by a Machine, 126. 
Sole, the Scale of, its Appearance in the ſolar n 
18 
Sounds, 9 Nature of, 354. 
A mutual vibratory Motion of each Particle of Air the 
Cauſe of Sound in general, 356. 
The percuſſive Force or Stroke made upon the 3 
Body coaſidered, 357. 
Properties of the Pulſes of Air, 359. 
IIluſtrated by a Compariſon betwixt them and the Waves 
of Water, 16. 
Circumſtances wherein the Waves of Water and Pulſes of 
Air differ, 360. 
Whether there is any Couformity in the Manner in which 
Light and Sound are propagated, 363. 
The aereal Pulſes ſubject to a Reflection from a fixed 
Plane, from the ſame Cauſe as the Particles of Light, 


364. 
Inſtruments may be formed for magnifying or diminiſh» 
Sounds, 366. 


The wonderful Effect of the Whiſpering Gallery of St. 
Paul's coaſidered, 368. 

The Velocity of Sound, what it is found to be, 74. 

The Difference of the Velocity of Sound and Light being 
aſcertained, a Method is found to meaſure the Heighc 
of a Cloud, 369. 

Of thoſe Aﬀc&ions of Sounds called Notes or Tones, 370. 

What is meant by Concord and Diſcord, 378. 

The Methods of producing different Sounds on Strings, 


A . olaſs may be broke by ringing of it, or 
raiſing its Tone higher and higher, 379. 
Three Principles which in general cauſe any Variation 
in the Notes of ſounding Bodies, 383. 
Het layers, the ancient, full of Impoſture and Nonſenſe, 4. 
$25:re, right Poſition of, 89 | 
Parallel and oblique, go. 
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Stars, their Degrees of Magnitude, 9g. 
A Table of the Number in each Claſs, 10. 
Some not reducible to any Conſtellation, 6. 
May have ſouth Latitude and north Declination, 71. 
Their coſmical, acronical, and heliacal Riſing and Set- 
ting, 16. OD ; 
How pe each Star moves forward in 72 Years, 75. 
Thoſe which are viſible in one Age become inviſible in 
another, 76, | | 
Their Longitudes and Declinations conſtantly altering, 75, 
Straits, 97. 
Swan, fabulous Hiſtory of, 28. 


TARANTULA, the Bite of, ſaid to be cured by Muſic, a 
vulgar Error, 402 | 
Taurus, ſecond Sipn in the Zodiac, 12, 
Why the ancient Aſtronomers gave it this Name, 10. 
Fabulous Hiſtory of, 12, & ſeq 
Teeth and Palate, Inſtruments of Speech, 40g. 
Teleſcope, the proper Import of the Word, 208. 
The Invention perhaps caſusl, 210. 
Firſt improved in the preſent Form by Galileo, 21t. 
Of the Nature and Structute of his Teleſcope, 212, 
The Rationale of this Inſtrument in general, 76, 
The magnifying Power accounted fer, 213, 
Illaß rated by an Experiment, 25. 
Why the Glaſſes are put at each End of a Tube to render 
them uſeful in the Form of a Teleſcope, 216. 
Refracting T eleſcopes, their various Structure and Uſes, 
219. ; 
The Conia Glaſs, its Conſtruction and particular Pro- 
perties, 220. 
The exact Proportion of its magnifying Power ſhewn by 
an Experiment, 221, 
Particulars to be obſerved in regard to the Uſe of it, 222. 
A Deſcription of the PerſpeRive- Glaſs and its Uſe, 223. 
The aſtronomical Teleſcope, deſigned for viewing the 
heavenly Bodies only, 224. | : | 
Why the Images of Objects are inverted in the Object- 
2 Glaſs, 76. | 
The Sea or Night Teleſcope, 225, 230. 
'The different Forms of Day Teleſcopes, 226. 
The Pofition and Ule of the ſeveral Glaſſes in four-glaſſed 
'Feleſcopes, ib. & feq 
Five or ſix-glaſſed Teleicopes, 229. 8 
Phe Conſtruction and Uſe of the Patent Teleſcope, 321. 
Tue ſolar Teleſcope, a N of, 234. | 
F i 2 . 
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The agreeable Effects thereof in ſhewiag the Spots of the 


Sun, and other curious Phenomena, 233. 
Reflecting or catoptric Teleſcopes, the general Reafon 
for their Invention, 236. | 
The firſt Account of this Invention given by Dr. Gre- 
gory, 237. | | 
Greatly improved by Sir ac Newton, ib. 
The great Excellency. of a reflecting Teleſcope, 238. 
The particular Manner in which Viſion is produced 
thereby, 16. | | 185 
The magnifying Power by Reflection proved by Experi- 
ment, 239. 1 | | 
The reflecting Teleſcope a compound Inſtrument, 241. 
It magnifies as a Teleſcope and as a Microſcope, 242. 
The microſcopic Power of magnifying in this Inſtrument 
illuſtrated by ſeveral Experiments, 243 & ſeq. 
The Effect of the Reflecting Teleſcope produced partly 
by Reflection and partly by Refraction, 247. 
The Conſtruction thereof illuſtrated by 4 Figure, 168. 
Binocular Teleſcope, conſiſting of one of the reftacting, 
and the other of the reflecting Kind, 271. 
The Effed of this Inſtrument very pleafing, 27 3, 
Trachea, or Wind-pipe, 406. | 
Trumpet, the Speaking, of great Uſe at Sea, 366. 
Analogous to a Magnifying Glaſs in Optics, 16. 
Conſtructed in ſueh a Manner as to magnify the Voice, 367. 
A Hearing Trumpet uſed by People who are very deaf, 


300. / : 
dollig be, repreſented on the cœleſtial Globe, 48. 


How long on the ſhorteſt Day, 49. 
Jo find the Length for any Day, ib. 


VENUS, the Tranſit of over the Sun, and its various Phæ- 
nomena, 142, & ſeq. : 

Uſe thereof in diſcovering the Parallax of this Planet, 76. 

The Nature of a Parallax explained, 143. 

The Tranfit of Venus in 1761, 142, 154. 

The Rationale of this great Phznomenon, 147. 

Keatons why Dr. Halley appointed the diſtant Places a- 
broad for viewing this 'Tranfit, 149, 150. 

Illuſtrated by a Diagram, 151, 154. 

Deſcription of a new ſolar Apparatus, adapted to the re- 
feaing Teleſcope, for ſhe wing the Tranſit, 155, 156, 
100. | 

Experiments with this Apparatus, 187. PRs 

Farther Particulars concerning the Tranſit of Venus, in 

: 3 On, 255 ; ; 
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The Time when the Planet touched the Sun's Diſk inter- 

nally, and alſo the external Contact, 257. 259. 

The Diameter of Venus, as it then appeared, 10. 

The Proportion thereof to that of the Sun, 258. 

This Planet, by Obſervations on the Tranſit, found to be 
one Half of its former ſuppoſed Magnitude, 16. 

The Reaſon why a Tranſit happens ſo rarely, 259. 

Uſes to be made on the Obſervations thereof, 260. 


— 


Some People ſuppoſe a Satellite attending this Planet, 


262. 
Great Advantages in Aſtronomy would ariſe from a Cer- 
tainty thereof, 263. 
Method of ſhewing an artificial Tranſit, 264. 
The Rationale of this curious Phznomenon illuſtrated by 
Machinery, 267. 
Reaſons why ſeveral Mathematicians were ſent to diſtant 
Parts of the World to obſerve the Tranſit, 268. 
Virgil, his Account of Orpbeus's Lyre being made a Coi ſtel- 
lation, 30- 
Virgo, the Virgin, Reaſons for placing amongſt the Conſtel- 
lations, 15. 5 
Fabulous Hiſtory of, 16. 
Viffon, the Nature of, 333. 
Illuſtrated by Experiments, 334. 
The Rationale of, by a ſingle Glaſs, 163, 164. 
Voice, human, our Organs adapted to it, 408. 
Urania, fabulous Hiſtory of, 34. 
Ur/a Major and Urſa Minor, fabulous Hiſtory of, 20. 
Uwula, 406. : 


WHALE, or Sea Monſter, fabulous Hiſtory of, 33. 

Wilſon's Microſcope, a Deſcription of, 168. 

White, ſuch Bodies appear ſo as throw up all the Rays of 
Light promiſcuouſly, 207. 

Wind Inſtruments, the Rationale of, 294. 


ZODIAC, on the cœleſtial Globe, Uſe of, 55, 56. 
One of the Inventions of Dr. Halley, 55, 
Zones, five of them, go. 
The torrid, why ſo called, ib. 
Two temperate, one in the northern, the other in the 
ſouthern Hemiſphere, 91. | 
Two frigid, 92. 
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CUTS to the SECOND VOLUME. 


PLATE SOC. to face Page 42. 


Lyrichord, 
LIL. 


50. 
N. 
86. 

121. 
131. 
140. 
154. 
1 
172. 
196. 
202. 
206. 
228. 
250. 
259. 
294. 
333. 
386. 
147. 


ESE BLESS 


ae tn, ge 


* 


» OE SITES — 


ny 
Tal fan 


g are SOT bl TAIT = | __ TVS IX BLAST ro l 
"Ong l ad 4 9 R OED * A 1 L 8 8 * , 


x a Nay” = EY \ ads oy EAT Crone h 


- if 
\ | 84 
g * 
* 
1 
= 
** 
bs, * 
5 
- * 
4 
7 / 
= : 
'2 : 
4 
) 
l 
oh» 
„ 
. 
- . 
L 
* 
[ 
» 
« 
. * 
- 
2 
* 
N 
* 
1 
| * 
by 
- 
oe 
0 
n. 
7 
* 
a 
:4 
. 
= 
b ou 
7 
* 


* 
oy 
LI 
* 
4 
* 
83 
* 4 
thn 
oe 
: £ 
* 4 
* 
1 
a3 
* 
LY 


9-6-4, O46 


* 


- - . y 
_- 
, 
* 
* 
* 
* 
— 
4 * * 
5 4 
* 
* = 
0 : 
un — 
9 
* Oo = 
ru 
o 
* 
5 
4 
i | 
* 1 , : ; 
* F 1 4 4 
* 
% 
C — 
0 * 
- * * ; 5 | 
£ 
0 
0 
— 


. . 


C 


9 i \ \ _ N oo * 9 bY 52 — 2 = \ = "4 _ T TA Vo 
8 4 l oy Oy = \ * 9 Kt tne” ces MG 12 — TE 8 e n 
7 5 8 * * _ = * g * — IS * PINE 8 i "JOE" n 12 * 7 * 4 COPIES.) * 1 N 4255) l ö - 1. 


„ 


26 


by 5 3 LO 4 
be 7 _ A N UE 6 þ 


